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Propered senility by Amaricen Corporation, New York, 


SPINNING ON CONES WINNING ACCEPTANCE 


Mills Adopting New idea to Reduce Shipping Costs 


Decided interest in spinning on paper cones instead of wooden bobbins has 
been expressed by numerous woolen mills since the idea was first described 
in an article four months ago by the Avisco Textile Research Department. 
The first general demonstration of the system held at the Southern Textile 
Eghibition at Greenville, $, C. last month has also done much to popularize 


the new method. 


The prime advantage of the new system is, of course, the savings it 
mikes possible in shipping yarn. The chart below gives a quick comparison 


with bobbin shipping. 


| Comporative Shipping Weights of Yarn on Bobbins and Cones 


SOBBINS 


Wr. of cordboard carten and straps 27% Ib. 


of 96 wooden bobbins . . 
Yarn weight. . . . .. 
Total shipping weight. . . 
Varn wt. te total shipping wt. 


61% Ib. 
102 fb. 
191 Ib. 

534% 


Agpther advantage with the cone sys- 
tem is the substantial reduction of the 
capital investment in wooden bobbins. 

The procedure calls for a 114” cone 
with a taper of 3°51’. This is placed on 
an inexpensive arbor with the rest of 
the spinning operation following as 
usual with the exception of a very slight 
adjustrnent in the pick-wheel. The pres- 


New Youn, November, 1950— 
Due to ular demand the 
Viscose Company is re-issuing 
its size chart which gives size 
Ggures for all articles of knit 


RAYON 20 YEARS AGO 


New Youx, November, 1930— * 
It is rumored that a method of 
manufacturing rayon from nat- 
ural gas has been perfected. 


CONES 


of cordbeard carton and straps 27%: ib. 
Wr. of 9% papercomes. . . . 20tb. 
Total shipping weight . . . . 143%: lb. 
Yarn wt. to total shipping wt. . 66.9% 


ent practice is to doff both arbor and 
full cone, replacing with an empty cone 
already on an arbor. Between doffs the 
spinner replaces the full cones with 
empty cones. A light tap with a metal 
rod inserted inside the tip of the cone 
drives out the arbor. By following this 
method, two sets of arbors per spinning 
machine should be the maximum 


Panis, November, 1930—Arti- 
ficial fars made of rayon are an 
important fashion vogue at 


needed under ordinary operations. 

Spinning onto cones is being done at 
the Textile Research Dept., American 
Viscose Corporation. Demonstrations of 
the process can be arranged. 

Avisco has available reprints of the 
article on this subject from August 1950 
“Textile World.” Copies are available 
on request. 


4-PLY SERVICE 


To encourage continued improvement 
in rayon fabrics, American Viscose 
Corporation conducts research and 
offers technical service in these fields; 


1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 
4 FABRIC FINISHING 


AMERICAN VISCOSE 
CORPORATION 


America’s largest producer of rayon 
Sales Offices: 350 Fifth Avenue, New York 1, 
N. Y.; Charlotte, N. C.; Cleveland, Ohio; 
Philadelphia, Pa.; Providence, RL 
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WHAT CAUSES BREAKDOWNS... 
REJECTIONS IN AUTOMATIC MACHINES ? 


MOTION PICTURE CAMERAS 


Fastax High-Speed Motion Picture Studies Have Been Made of: 


@ Machine Shop Tools Working. @ Mechanical, Electrical, Physical and Anatom- 


ical Reflexes and Vibrations. 
® Failure of Rapidly Moving Mechanisms. 
@ Other applications too numerous to mention. 


©@ Faulty Design Problems such as shattering WRITE 0x catalog and information on how 

relay contacts and cams. Wollensak can equip a high-speed laboratory 
for you... Completely portable and easy 
to use. Wollensak Optical Co., 813 Hudson 
@ High-Speed Weaving and Spinning Operations. Avenue, Rochester 21, N. Y. 


@ Gas and Liquid Flow . . . Combustion. 


OPTICAL CO., ROCHESTER 21, N.Y. 
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textile chemical 
needs with 
Warwick important 

Series of 
chemical specialties 
for 

textile industry = 


ANTILUSTROLE?® cutters 
APPRAMINE® cationic sotteners 
APPRETOLE?® anionic softeners 
EU MERCIN® smorcorising 
FORMASET textite resins 


IMPREGNOLE?* and NORANE® water repetients 

LANOLE?® tar ang grease removers 
Warwick tec hnical ; ORGANOSOL coatings for textiles and paper 4 F 
advisors. with PLAS TISOL tor coating and motding 
their wide SETOLE® textie resins 
knowledge of SULFANOLE® synthetic detergents 
textile chemicals WARCOFIX ® cotor tixatives 3 
and processes, WARCO gas tading innivitor 
are available for WARCOLENE?® finishing oits 
consultation. WARCONYL* tire retaraants 


ISAN* wetting and rewetting egente = 
WARCOSOL* penetrants 


SUNTONE® 


CHEMICAL 
COMPANY 


pigment printing colors for textiles and plastics 


WARWICK CHEMICAL COMPANY, DIVISION ( ) 10th STREET and 44th AVENUE, LONG ISLAND CITY, NEW YORK 
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EARCH 


with Adeguate Te Goring? 


Priority rating DO xx is certified under NPA 
Regulation 2. If you desire to extend this rating 


in accordance with NPA Regulation 2, extension 


IP-2 


Patented Incline-plan 
Tester for tensile testing 
of yarn in single end wu 
pecimens as short as 1 

Varving lengths other 


than standard 


obtained are comparable 
with tests of standard 
j length. Capacities up to 
4 Ibs. tensile 


ii 


tested, and the results 5 
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Let *Scott Testers simplify and codify your han- 
dling of orders. These machines safeguard pur- 
chasing, speed production, prove finished product 
is according to specification. They provide you 
with “picturized” charts which are easy to read 
and convenient to file as a guide to further produc- 
tion, as well as proof of quality. Especially valu- 
able “for the record” in matters of renegotiation 
contract termination, surplus disposal. Various 
models for, tensile, burst, flexing, crepeage, twist, 
adhesion, from single fibre to 2,000 lbs. 


*Registered Trademark 
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MODEL J 


Model provides for 
tensile testing of fabric; 
yarn in single end or 
kein; cord and twine 
Also it may be equipped 
with Attachment W for 
} 


fabrics. Capacities up to 


500 Ibs. tensile 
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Mechanical Properties and the Structure of Hair 


Cecil E. Reese * and Henry Eyring 
University of Utah, Salt Lake City, Utah 


Abstract 


le quantitative method for determining the amount of mechanica 

by the various types of bonds in hair tiber has been developed The 
reagents, such as acids, bases, oxidizing agents, and reducing agents, 

he reaction between Various chemical ayents an hair fibers eon 
order with respect to the reagent and also with respect to the bends to be broken 
temperature is discussed, Using the theory of absolute reaction rates, the heats and entropies 
of activation for the reaction have been cak ulated. 

The rate of diffusion into hair has been considered. Us ick’s second law 


the diffusion coefiicient of hydroxy! ion in hair has been calculat ipplyin the 


absolute reaction rates, the values for the heat and entropy « tivatic have been « 


The MECHANICAL STRENGTH of fibrous hair and various chemical reagents. The findings 
materials is known to depend directly upon the have been correlated with the proposed structural 
number and type of primary and secondary bonds — features common to most fibrous proteins 
holding the individual fibers together. Many in- The elastic and plastic deformation of hair de 
vestigators in studying natural proteins such as pends markedly upon the number of secondary 
hair (9, 12], wool [14], myosin [2], etc., have success-  bonds-—t.e., salt-bridges; hydrogen bonds; and pri 
fully characterized certain of the important types mary bonds, such as disulfide bonds between the 
of bonds, and have discussed methods of removing polypeptide chains of the fiber \ny treatment 
the effects of these bonds. The discussion pre- which breaks any of these bonds alters the mechan 
sented in this paper is the result of a successful ical behavior of the tibet The experimental data 
attempt to quantitatively separate the mechanical- to be discussed were obtained usifig human hair, a 
strength contributions of the different types of natural keratin protein 
bonds, and to measure the rate of reaction between Each fiber was approximately 8& in. in length 
By virtue of the technique employed, both ends, as 


This work was carried out while Mr. Reese was a Fello 


ot the le xtile Rese irch Institute \ssistanee from the well a the whol of the fib rs could bn subjected 


of Naval Research is gratefully acknowledged to the same types of experiments and any change 
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due to ageing could be characterjzed. The effects 


of ageing on the accuracy of the measurements 


which was within approximately 1°), were negli 


gible. 


me glecting the ellipticity of the fibers, from the 


The cross-sectional areas were determined, 


diameters, which were determined with a micro 


scope and a traveling eyepiece micrometer, the 


average of 10 measurements at different points in 


each fiber being used. The lengths of the tibers 


were measured with a cathetometer 
Before the tibers wert subjected to the tests the, 


were allowed to relax for 


a period of time ranging 


from 2 hrs. to 2 mos. at 100°, relative humidity 


‘ 


\iter relaxation the tibers were dried in an atmos 


phere of 25°, 40°, relative humidity (measured 


using a sling psyehrometer 
Stress-strain curves at constant rate of clonga 


tion and stress-time curves at constant elongation 


obst av hau ire 
Figure 1 
Yto 


the fiber being 


curves in 


pitied br the 
elongation at constant rate is occurring 
from from B to | the curve ts a stress-time 


different ambient 
These 


Sook ne- 


curve, under the 
conditions given in the legend on the ture 
obtained moditied 
Rutherford |13 
by Prot. Elton | 


ment, University of Utah, who has deseribed the 


curves were a 


autographic balance constructed 


Quinn of the Chenustry Depart 


balanee in another publication {11 


Figure 1 gives the response of a fiber under the 


conditions recorded in the legend Betore use, the 
haw was over CaCl tor a period long enough 
to remove all the water possible with this reagent 


The region fiber 


when dry and elongated at constant rate of clonga 


shows the response of the 


tion The two veneral features common to all 


keratin) protein fibers are easily observed The 


extensions up to approximately 2°, tollow a 


Hooke’s-law type of delormatior \t about 2 ‘ 


extension plastic flow begins and continues at prac 


tically constant stress. From other experiments, 
the plastu flow continues up to 40°) extension 
before any appreciable increase in stress is needed 
in order to maintain the rate of elongation constant 
The shape ot the curve during plastic detormation 
is only very slightly dependent upon the rate ot 
clongation \t extensions much bevond 406, the 
fiber ruptures 

Phe remaining portion of the curve, Bo] (Figure 
1), is the stress-time curve Dotted lines on the 


time axis and breaks in the curve indicate 
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Fic. 1 The ect of various chemt agents 
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lapse 


of time during which the curve continues in 


monotonic fashion. 


The reaction of water with salt-bridges and 
hydrogen bonds is extremely rapid, as can be seen 
1) of Figure 1. 


iecurately 


from segment © The rate was too 


fast to measure Our experimental re 
sults indicate comple te reaction in less than 4 See 
\bout 70°, of the stress required to hold a tiber at 
10°, bonds that 
breaks, the resultant change 
12 10° 


These bonds do not 


extension is due to the water 


in stress being from 


dynes cm to 3.5 * 10° dynes cm 


however, determine the ulti- 


mate strength of the fiber 


In order to check whether water removed onh 


the salt bride sand the hvdrogen bonds, or whether 


it also had some other effect, the water was re 


moved with benzene The fiber was then 


been 
dried over sodium, until no turther change occurred 
Phe curve DOE 


indicates the re-tormation of these bonds as water 


washed with benzene which had previously 


Figure 1 


in the stress-time curve 


Is removed The FESpOnse ot the fiber to benzene 


had pore viously been chee ked by adding ln nzene to 


another drv, elongated fiber; no effect had been 


This was rather surprising since accord- 
Astbury model 


acid side chains should attract each other 


observed 
ing to the the nonpolar amino- 
more 
itmosphere tree 


stronely in an from nonpolar sol 


benzene. We 


groups attract so much 


vent than they do in therefore 


onclude that the polar 
more strongly than the nonpolar groups that the 


latter contribute little to the mechanical strength 


It is interesting to note that upon drying wet hair 


the strength is nearly completely recovered. The 


i 
3 
= 
Ke 
ie Shit 
| 
shes 


NovemMBer, 1950 


slow rate of recovery must be due to the slow, out- 
ward diffusion of the water and not to the slow 
re-lormation of the bonds. However, a faster 
method of removing the water would be desirable 
in order to confirm this point 

Polar compounds other than water, such as the 
alcohols, cause the same release of tension, but at 
a slower rate Thus, the polarity of the water 
apparently accounts for its effectiveness 

The curve E-F (Figure 1) illustrates the release 
of tension when water is added again It is noted 
that the same equilibrium strength is reached in 
each case The only reason tor this step is to 
remove the polar bonds so that their larger con- 
tributions wil not mask the effect of the other 
chemical reagents when thev are added to the fiber 

One notices from segment F-G (Figure 1) that 
acids have only a small effect, a fact pointed out 
by others who have investigated animal hair. At 
room temperature 25°C), and concentrations as 
high as 61 HC, the re sponse ol the hair, although 
fairly rapid, is relatively slight. Oxidizing acids, 
such as HNQsg, in concentrations ranging from 0.1. 
to 1.17 cause approximately the same response as 1s 
shown in FOG, 

The curve G H (Figure 1) shows the effect ol 
H.Qs in slightly acid solution (pH < 6 Phe ten 
sion at a given elongation is not changed to a 
measurable degree by this reagent. What is true 
of this oxidizing agent is true for other oxidizing 
agents, such as KMnQO,, KIO s, KeoCr.O;, ete 
Black hair bleaches, but otherwise remains un 
altered Phere are at least three possible explana 
tions for this: melanine does not contribute to the 
mechanical strength of the hair; or the configura 
tion of the melanine which contributes to the me 
chanical strength is not responsible for the color: 
or the bonds which oxidize contribute the same 
amount before and after oxidation occurs Ot the 
three, the first seems to be the most logical (dine 
thing which ts apparent is that melanine is much 
more sensitive to oxidation than is the disulfide 
bond; in tact, from our experiments it appeared 
that the disulfide bond is rather resistant to oxidiz- 
ing agents. This point is also confirmed by the 
remainder of the curve in Figure 1 

Phillips {5, 10], Harris [8], and others working 
with animal hair found evidence tor the specificits 
of NaHSOs for part, if not all, of the disulfide 
linkages. From the curve H-I (Figure 1) the di 


sulfide bonds, sensitive to this reagent, contribute 


$5 


to the mechanical strength at a fixed elongation 
The rate of reaction ts only moderately rapid 
Phe percentage of the disulfide bonds which ar 
removed by this reagent is discussed elsewhere in 
this paper. The actual decrease in tension in the 
work discussed here is from 3.5 & 10° dynes em 
to approximately 1.5 &K 10°) dynes em for the 
fiber held at a fixed length 

The tinal reagent added to the tber was sodium 
hydroxide. The result is shown in the curve |] 
Figure 1 With this reagent the stress very 
rapidly approaches zero, but not until considerable 
time has elapsed does it actually reach zero stress 
[his is significant, since there are at least two types 
of linkages in the hair which are reactive to hydrox 
ide 1Ons the more reactive disultice bonds; and the 
bonds of the main polypeptide chains. The latter 
bonds hydrolyze in the presence of strong NaOH 

If sodium hydroxide and sodium bisulfite both 
react with the disulfide linkage, as has been sup 
posed by other investigators |5, 8, 10], then sodium 
hydroxide must break a still greater percentage of 
these disulfide bonds It is doubttul that the added 
effect is due to the hydrolysis of the poly peptic 
chains since the observed action is rapid, while 
hydrolysis of amide linkages is usually slow bur 
thermore, there is an additional reaction which 
continues after the initial reaction 1s over, probably 
owing to hvdrolv sis ot the poly peptic chains 
Thus, we suppose that more of the disulfide bonds 
are sensitive to sodium hydroxide than to sodium 
bisulfite 

For a clearer picture of the process, consider the 
3-element model used by Halsey, White, and E-vring 
7) to predict many of the observed mechanical 
properties of fibers \lthough the model needs 
modification in order to be useful in explaining all 
the mechanical properties ol proteins, it will behave 
as a mechanical analog tor the process which is 
graphed in Figure 1 For a discussion of this 
model and various modifications see Burte, Halsey, 
and Dillon [4] 

The model consists of a spring in parallel with a 
spring in series with a dashpot, as shown in Figure 2 
This model will behave in exactly the Same Way 
as the hair undergoing elongation graphed in Fig 
ure 1 When elongation ceases, the dashpot con 
tinues to relax until it no longer supports any 
stress. The whole stress then falls on the spring 
without a dashpot in series. We assume that each 


bond in cross section acts like a spring supporting 
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an equal load, on the average The rate of de- and 0.00051 NaHiSO,. The slopes of the curves for 


crease of the stress is then a measure of the rate of — these plots are constant for the high concentrations, 


cutting of the bonds but when the concentration decreases the curves 


Most reactions between chemical reagents and — slope correspondifgly less and less 


hair are ether too rapid or too slow to be measured It we plot the slope k'Cy as a tunetion of con- 
by observing stress relaxation. As seen in Figure 1 centration, the curve rises rapidly and reaches a 
the reagents NaOH and NaHSQs, react at a rate maximum, where it remains over a large concen 
which can easily be measured. In later investiga tration range. Uhis is a Langmuir-like type oi 
tions we found that NaS also reacted at a rate adsorption isotherm, where chemical adsorption has 


which was satistactory tor our method occurred on reactive groups in the hair 


\ll of the experimental curves in this paper other Consider the following reactions 
than the portion \-C of Figure 1 show only the 


C+o0r qd, 
portion of the curve where the fiber is submerged . 
in the specie reagent Phe fibers were all elon where ( concentration ot the reagents, 6 num 
gated in water and allowed to come to equilibrium. — per of bonds not forming a complex with C, and 


Zero time was taken as the instant when the O number of “reagent-bond complexes 


reagent was added Phe equilibrium constant is then 


Figure 3 is the stress-time curve tor a hair at 
constant elongation when tmmersed ina solution Vv 
otf NaHSO, at room temperature The curves tor C)(b 
the various concentrations are shown in the figure. 


Furthermore, since C and 6 must form a complex 
The following kinetic considerations provided a 


fore reaction can occur, the rate of disappearance 
satisfactory interpretation of the experimental tacts, 


{ the complex will also be the rate of disappearance 
\ssume the stress supported by the reactive bonds 
‘ of the number of bonds, or 
to be equal to the beginning maximum stress minus 


the tinal equilibpium stress lf we assume also db J 
Rk), 5 
that the tension is directly proportional the lt 
number of bonds, then we may write 
where bh + Qisthe total number ot bonds 6 
Substituting trom equation (4) into equation 


0) \ ields 


1 
where / time, > number of bonds, a concen A ) 0 +1 (7 
tration of reagent after reaction, a + 6 ( initial : 
concentration of the reagent, and & specihe rate Solving for Q from equation (7) and substituting 


constant 
Integrating and evaluating the integration con 
stants by the boundary conditions 


inal hy vields 


Experimentally, we impose the condition 


by using only a single fiber of hair and a large vol 


ume of reagent of appreciable concentration sur + 
rounding the tibet Phe expression thus reduces to 
f 
lt k ( 
F 
Phe plot ot In isa function of time is shown in : . 

( ki ) The 3-elen model used to explain many of 

Figure 4 for OVAL, OOS Af, OOLAT, 0.005. 17, NM, the mechanical properties of fibers 
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would be no dependence of the rate of reaction on 


concentration, In Figure 5 the curve for NaHS, 


M NcHSO, 
illustrates both limiting cases 
25 . oe ¢ We next determine the value of A as detined 
hy 
) 


P « Inverting and multiplying by & gives 


A ¢ 


me (minutes) 


k’ is the maximum value which g may reach as 
tension in hatr fibers at constant elongation. AC becomes large Plotting Vs the value 


~ 


- ot A is easily obtained This gives A 2 xX 10 
Into equation (9 vields 
Phe magnitude of this constant indicates that most 


db WAC, 2 of the reaction sites in the hair are covered by the 


at 1+ AC : reagent The intercept ol the plot is 1, as would 


be predicted by equation (11 See Figure 6 
We have, atter integration and evaluation of the ; p 
Figure 7 shows the experimental stress-time 
integration constant, by setting Dy at 0, 
curves obtained using sodium sulfide and sodium 
the relation 


hydroxide at the concentrations given in the legend 


Ree tained by applying equation (3 Since the agree 
Considering equation (9), if 1 > AC, the value = ment ts good, the kinetics of these reactions seem 


}, to follow a regular first-order reaction rate law 


for the slope of the plot of In > vs. ¢ would be the R 


same as AC, and, since k’A is a constant, the rate 
ol reac tion would be direc thy proportional to the con 
centration. However, if 1 «< AC, then the concen 


tration terms in, equation (9) divide out and there 


k on the fieure The theoretical agreement is ob- | 
KC +1 


if 
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a Lhe f the concentration of the reagent 
mn the rate reaction 
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See 
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i the leure 
reagent 
° 
. 
\ 
. 
bic. Lhe time-dependent effect of fixed neentra 


\s the 
sodium sultice 


concentration of sodium hydroxide ot 


decreases, there is an unusual time 


before maximum rate of reaction is attained 


the curves of Figures & and 9: concentrations 


ire given in the legends 


Using the kinetics given by equation (3), there 1s 
poor agreement between theoretical and experi 
mental results at small values of the tim If we 


consider the mixing of the reagent and the bonds 


within the hair we see that the reagent must dittuse 


into the haw before reaction can occur Since this 


diffusion will require time, it must be considered 
in the rate expression Using Fick's second law 
and adding a term which makes the concentration 


grachent time-dependent (since part of the diffusing 


reavent will react with the hair), we have in cvlin 
drical coordinates 
ac La . 

a r or \ cir r «ttt a7 
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hydroxide and sodium sulfide on the fiber tension at 


length. An initial time lag in reaching maximum 
f reactton ts showy This 1s due to delay in the dt 
the reagent into the fiber 
Since in the tiber there ts evlindrical symmetry 


and thus no dependenc ¢ upon @, and because of the 
relatively long leneth ol the tiber, there is no end 
effect and theretore no ce pendent upon 


tion (12 


Equa 


thus becomes 


D + 
aft ar r- or 
The term &«6C arises trom the reaction of the 


reavent with the bonds of the hair while diffusion 


is occurring The solution considering k’bC as a 


constant has been obtained, but, because of lack 


of enough known roots in Bessel’s equation and 
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the mathematical cumbersomeness of the expres 
sion, only the solution neglecting k’bC will be pre 
sented. The agreement between theoretical and 
experimental results using this approximation is 


good, as will be seen. The solution of equation (13 
is (31: 
C11 - é 14 
A J 
where C concentration ot the reagent surround 
ing the fiber, D diffusion coefficient, A the 


nth root of the zeroth-order Bessel function, 
a radius of the hair fiber, and J, Bessel func 
tion of order n 
Equation (14) gives the concentration of the re 
agent at any position and at any time within the 
fiber. Let us assume that the rate of reaction in 
the fiber depends upon the average concentration 
onls The average concentration ts 
1 
( 15 
ra? 
Substituting the value of C from equation (14 


into equation (15) yields 


Integrating, we obtain 
( ( 17 


By substituting this expression for C into equa 
tion (3), we obtain for the rate of disappear mice of 


the bonds in the hair 


h di 
which inteyrates to 
4a 
In b t+ 5 € 10 
= | 
where Q is the integration constant 
From the values of the A’‘’s (1e., A 2.405, 
5.520, A 8.654, A, 11.792, etc.) we sec 


that the roots of the Bessel function increase 
rapidly. Since D and a® are of about the sami 
order of magnitude and since the roots are squared 
in the exponent, a good approximation is to me lect 


all the terms in the summation beyond the first 


ol 
» 
QO 4 
T 
T 
hic. 10 n betwee? ” 
first-order et (7) time ” 
ri of re 


By making this approximation and evaluating the 


integration constant, equation (19) becomes 


4a 
In t-4 | 20 


This equation is unusable unless we can dete 
mine the value of k’'Cy and D. When the constant 


which multiplies ¢ in the exponent is large, that 


term will rapidly approach zero, Thus, for large 
values for time the plot of In \ ( should be a 
straight line with a slope equal to k'C Phe inter 


cept of this line on the time axis should be equal to 
hark’ 
Dx} 


easily be found. Such a plot is shown in Figure 10 


, from which approximate values for D may 


for sodium hydroxide and sodium sulfide at the 
concentrations shown in the legend 

The \ ilu sol ind D are recorded lable | 
ior 3 reagents sodium bisulfite, sodium hydroxide, 
ind sodium sulfide The values for k'C, were 
measured as described above The values given 
for D are 10°, higher than those found using the 
approximation discussed above. The more accu 
rate values come from more laborious fitting to the 
experimental results Since the agreement be 


tween theory and experiment for the reactions 
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bia. 11 The effect of temperature on the rate of reac- 
tion between hatr and lium bisulfite Also the ultimate 
smount of loss of strength by the hatr 


between har and sodium hydroxide and sodium 


sulfide was yvood, we decided to 


determine the 
order of the reaction with respect to the reagents. 


The plot of k’'C, va. Co, as 


shown in Figure 5, 
vields a straight line with a slope of approximately 
45 Thus, the reaction is first-order with respect 


to the hydroxyl ion 


The straight line tor sodium hydroxide (Figure 5) 
also explains the 


sulfide, 


concentration ce pence nee tor 


sodium issuming that the total effect is 


due to hydroxide ion formed by hydrolysis The 


sulfide ion therefore appears to take only a small 


part in the reaction, and the hydrolysis is’ the 


CONCENTRATION DEPENDENCE OF THE 


IA\BLE I RATE OF 
REACTION POR THE REACTIONS Between VARIOUS 


REAGENTS AND ar 

Molar D 
Reaven neentrat min cm min, 10 
NaQhH 0.90 
Nadu 
NaOH oo O40 1.50 
oo? O78 049 
Nays 1.07 
Nas 0.72 
O47 
Nas oor 1.46 
O13 
Naliso) 
oo 
NaHso 
NaHso 0.005 0.10 
NalisSo Ooo] t 
Naliso 0.0008 0.028 
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hic. 12. The effect of temperature on the rate of reaction 


veltween hair and sodium sulfide. 


effect In 
a shghtly 


important experiments similarly per 
pH 6 and H.S 
was some reaction, but it was so much 
than the hydroxyl ion that 
appare ntly the added effect of the sulfide ion reac- 
kor 
. basic CH.QO, and others 

it appears that the effect of the hydroxy! ion alone 


formed in acid medium 


gas) there 
with 


slower reaction 


tion was unmeasurable in these experiments 
many reagents—S", CN 


is important The methods used here will dis- 


tinguish between the rates in acid or basic media 
for these ions and will establish whether the reagent 
reacts with the hair or whether OH™ ion alone 
causes reaction ‘ 

One of the most useful methods at the disposal 
of the chemist in understanding chemical reactions 
is temperature studies. Using the theory ot abso- 
lute reaction rates [6], one is able to compare cer- 
tain of the thermodynamic quantities between the 
normal and the activated states and thus to better 
understand what happens to the reactants when 


reaction takes place. In order to obtain these 
quantities, a series of reactions were performed at 
different controlled temperatures for sodium bisul 
tite and sodium sulfide. These curves are shown in 


Fieures 11 and 12 


perature 


In these experiments the tem- 


was controlled within +1°C over the 


desired temperature range The tibers were elon- 


gated and allowed to ‘equilibrate’ in water at the 
temperature at which the reactions were performed 
When sodium bisulfite was used the concentration 
of reagent was high enough to insure that the re- 
ction rate would be independent of the concentra- 


tion (see Figure § 


Even if this assumption were 
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Fic. 13. The variation of the rate constant with tem 


perature for the reaction between hatr and sodium bisulfit 


first-order eqi 


not valid, the value of the entropy of activation 
would change at most by 4 or 5 entropy units. 
This is not enough to change the genera! conclusions 

By plotting in Figures 13 and 14 the appropriate 
expression (equation (20)) for sodium bisulfite and 
for sodium sulfide (equation (20)), the values of 
the rate constants were determined; these are tabu- 
lated in Table I]. 

The values of AH* and AS* were determined by 


applying the general theory of reaction rates, using 


the familiar equation 


Thus, a plot of Ink’) 7 as a function of 17 is a 
AH 
R 


straight line with a slope of and an intercept ot 


Ink h+ Since & and hk are well-known con 


stants, the value of AS* is known. The plots ot 
equation (21) for sodium bisulfite and sodium sultite 
are shown in Figure 15 The values of AH*® and 
AS* are given in the legend 

Che time lag before maximum rate of reaction ts 


attained is present at all temperatures studied for 


75) 
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Bad 
7 
> 
ad 
Fic. 14 Th tation temperature of the rate 
constant for the reaction between } and sodium sul 
The reaction ts first-or rwih respect the bor remain 


sodium sultice \gain considering this lag to be 
due to diffusion, the value of D at different tem 
peratures was calculated However, because of the 
large variation of the diffusion coefficients for small 
differences between the values of the intercept, this 
type of analysis is very dithieult More consistent 
results are obtained by using equation 18) am the 
following form 


Now, considering only the first term of the sum 


mation because of the arguments used earher, and 


IA\BLE II oF THE RATE of 
REACTION FoR THE REACTIONS BeTWEeEN THI 
Listem REAGENTS AND Harr 
O.1M Sod Itite 0.028 Sodiun 
ler le np 
( 10 1710 mun 

$4] 0.2270 10 $55 
4.19 0.343 34) 0.269 
60 0.510 oo $19 0 380 
4.8) O710 58.1 O774 
we 1.026 


\ 
“og 
4 
we 
Bq 
Rates were calculated using cation 
ing to he broker 
| 
; 
k’ b AH AS 
In In 1 
j 
{hers 
\? 
| 
if} 
1] 
: 
AY 


taking the 


natural logarithm of both sides 


a 


1db 


The plot ot In { + k'C ) function of ¢ 


vields a straight line for the various temperatures 


jor sodium sulfide reagent, as shown in Figure 16 


Lhe slop ol this line 


equal to and 


all the 


Dis easily 


terms except D) are known the value ot 


calculated The 


value otf D at 
tlated in Pable 


values tor the 


various 
\lso in 
both as 


emperatures ts 
cluded are the 
caleulated by 
Figure 16 The 


intercept ts 


intercepts, 


equation (235 md as read trom the 


value calculated trom the 


plot 


smaller than that calculated trom ex 


perimental results This would be expected since 


equation (23) 1s only an approximation and equa 


tion (22) should be used tor exact value 


Since the diffusion coethcient is equal to a specify 


rate constant multiplied by the distance between 


equilibrium positions squared result derived 


earher (equation (14 we may write 


TEXTILE Rest 


By applying the same analysis to this rate as to 


other 


AH AS 
in Dw ti 
ae | RI 


In A (25) 


Thus, a plot of In D/T as a tunetion of 1,7 
AH* 
R 
From this 
plot the value of AH* for the process of diffusion is 
\lso included 


reaction 


would he a straight line with a slope equal to 
Such a plot is constructed in Figure 17 
measured ; this appears in Table IV. 


AH" tor the process 
Phe value of AS* for diffusion cannot be calculated 


are the values ot 


«unless some assumption is made for the value of A, 


the equilibrium distance between molecular jumps 
\ssuming a value of 5A., which appears to be about 


the correct value for the diffusion 
value of AS* is found to be equal to 10.5 e.u. 
values of AS*® for reaction 
Fable 


Phe magnitude of AH 


process, the 
Phe 
ind tor dittusion are also 
included in 
and AS* tor 


that tor 


the diffusion 


about twice 


process 1s rons diffusing 


water, and about one-half that for 


noneles trolytes 


106 

0.187 
0.263 
0.516 


1.000 0.712 
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ficient for the hydroxyl 
M NoHSO, A t hatr is obtained from these plots, as describe 
fr 
Meat fy fion a function flemperal 
howing the values of AH* and AS* f ine reaction 
4 lved 
: 
a 
ak 
b’ 
| 
4 
4 
5 ; 
dé 
| 


diffusing mm water We theretore suggest that hau 


in the swollen state acts like a partially oriented 
membrane with water in 
the fiber The value AS 


the same order of magnitude as that for 


many of the cavities in 

10.5 e.u. is of about 
diffusion 
of ions through inorganic membranes The value 
indicates some disorientation in the activated state, 
as compared to the normal state This sugevests 
that part of the bonds have been broken in going 
from the normal to the activated state. 

Phe values of AH*® of 4,540 and 
(heats of activation tor the 


of magnitude as that for conduction or for plastic 


3,760 calories 
reaction processes) are 
unusually small are of about the same ordet 
flow, which indicates that the process is probably 
no more complicated than rotation of the ion until 
it is correctly oriented with respect Lo the reactive 
bond. 

\n alternative, but quite improbable, explana- 
AS* is near 


units 


zero but that « ts 


because he 


‘tion would be that 


much Jess than slow 


Css 


involves leakage through an ergs 
entropies AS $5.7 


only be 


barrier 


this case the and 


would ipparent and would, instead, be 


measures of In If these 


then the 


values measure AS 


great relative order of the activated state 


must involve special orientation in the acti 


vated state or else 


many more normal than acti 


vated sites al oper to the re ih 
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Th i i i 
> Che 1 Attack Pol Material 
e emica tack on PO ymeric ateriais 
ifi iff 
al] 
as Modified by Diffusion 
* re 4 ‘ > lak 
Sidney M. Katz,* Edward T. Kubu,* and James H. Wakelin ¢ 
Contrtbution of the Textile Research Institute and Frick Chemical Laboratory. 
Princeton University, Princeton, New Jersey 
Abstract 
The reaction of polymer media with a chet il reager yenera nvolves the re 
diffusion of the reagent thy wh the pol mer 
The effect of a relativel rapid diffusion of a chemical reagent in ieviindrical tiber on th ver 
ill rate of reaction is considered and the equat n therefor is derived The « i ’ ippl ible 
both to the extent of the rea nand he deca ft stress in the wer, | vided that a linear 
relationship between stress and extent of reaction is a med 
Introduction ul the extent of reaction, the effect of diffusion 
\itl h chemical reactior ot velling high has been overlooked l'o be sure, the process of 
diffusion by itself [4, 5,19], the simultaneous dif 
polymeric substances are generally assumed to be 
neous pr ; the polymer and reagent fusion and adsorption or reaction trom a finite or 
‘See a two-phase system. Con infinite solution [9, 10, 14, 28], and the spherically 
orm a svste 
thy. before a homogeneous reaction can occur S¥Y™metrical diffusion controlling a chemical re 
; ry for the reactant to penetrate the 4¢tion have been studied [6,8]; but no investiga 
I polymer pha by a diffusie process of tion of the successive processes of diffusion and 
P ' ' chemical reaction applicable to the study of textile 
nite duratior 
| \ nstan th pr F { the reacyion materials appears to be available in the literature 
n some instances, the progress ol rion 
has been studied by chemical analysis of the poly However, in the final stages of preparing this 
er 20} or of the reagent attacking the polymer manuseript tor press, a paper by Reese and Eyring 


i. Under these conditions, the kinetics of the 21} was brought to our attention Phese author 


t lirectly determinable, and in the re have solved essentially the same problem that is 
process ate { ‘ te 


bermanvanate with wool, for Considered here, but their method of solution and 


wtion of potassium 


] t } | that the littu ion the basi assumptions difter trom those emploved 
ple, t Wis CHIT USLOT 
tl t ntroll rot Menkart and the present study Because the divergence of 
w rate-controtling process Z 
‘sults rte Reese > 
Speakman [17] have reported that the reaction of | OUFT ults and those reported by Reese and Evring 


§ prin lly trom the assumptions made in the 
mercuric acetate with wool is diffusion-controlled tems principally trom the assumptions made in th 


ind have followed the reaction by observing the Course of the mathematical analvsis, it was felt 
change in the resistance to extension that it would be instructive to give some attention 
In other cases, however, the chemical reaction of | '2 @ Comparison of the two methods used in’ the 
extended polymeric materials has been followed by unalysis 
che cogultant etreas relaxation | 3, 15, 16, 18, 22-24 This paper presents the derivation of an equation 
Perhaps because many of these investigations were — ¢Xpressing the extent to which a bimolecular chemi 
nterpretable in terms of simple chemical kinetics, cal reaction within a textile fiber is modified by a 
issuming a linear relationship between the tension diffusion process. From this equation the time 
rate of decay of tension, when the fiber is held at 
* Fellows of the Textile Research | e, Princeton, New constant elongation, is related to the extent of 
Jes rex chemical reaction The basic assumptions involved 
in the evolution ot this equation are discussed and 
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two methods of solution are presented. The ap- 


plieation ot the resulting equation to experimental 


results ts discussed 


Assumptions 


The equation which will be presented herein is 
based upon an idealized model of the fiber-reagent 
system. We shall first consider the model and then 
discuss its relationship to experimental results 

It is assumed at first that the fiber is a uniform 
circular evlinder and, although uniformity is not 
an essential feature in stress-decay measurements, 
we consider that the stress is some function of the 
average cross section of the fiber \ circular tber 
cross section ts, however, essential to our derivation, 
and this condition is not completely realized in 
natural fibers. In many Wool fibers and more pre- 
dominantly in synthetic fibers, the assumption of a 
circular cross section appears to be a reasonable 
first-order approximation 

It is also assumed that the concentration of the 
reagent in the solution surrounding the fiber does 
not change during the reaction and that the con- 
centration of reagent at the surface of the fiber is a 
function of the solution concentration and is there- 
lore constant. ‘hat 1s, Co at 7 a tort > 0, 
where ¢ c(r, t) is the concentration of the reagent 
in the fiber, r is the radial distance from the fiber 
center, a is the fiber radius, and f is the time 


We assume next that 
Gn at 1) 


where n nir.t) is the concentration of reactive 
groups in the fiber which remain to be attacked by 
the reagent It mav well be that some other 
kineth equation is required for a partic ular system: 
in such case, the nature of the tinal equations will 
be altered, but the me thod ot solving the equation 
will remain essentially the same 

» Insofar as the diffusion process is concerned, we 
shall assume as a first approximation that Fick's 


second law applies; that is, 


ac at Dv 


where D is the diffusion coefficient, considered to be 
independent of concentration. Crank points out 


[11] that a constant apparent diffusion coefficient 


gives a reasonably good approximation in the case 


of the absorption of dyes by textiles, although the 


true coefficient for the process may be a function of 


the concentration of dvestuff in the fiber 


n 


The rigorous application of the last two assump 


tions leads to the toll wing equation 14 


ca Dv bn 3) 


Vhis equation, however, in conjunction with equa- 
iron (1 , does not constitute a linear system and is 
ditheult to solve. We shall assume, further, that 
the term knc may be neglected in comparison 


with the term 


equivalent to the situation where diffusion is rapid 


This assumption is physically 


but still of finite duration in comparison with the 
rate of the chemical reaction 

Finally, as a correlation between the extent of the 
chemical reaction and the tension, we postulate that, 
for constant fiber extension, the tension f at time ¢ 
is proportional to the total number of unreacted 
groups present in an infinitesimally thin cross sec 


tion of the fiber: that is, 
. 


This rela 


tionship follows from an extension of the kinetic 


where MV is a proportionality constant 


theory of rubber elasticity [12, 13, 25-27 } to textile 
fibers, but it may be necessary to supplant it with 
some other form of correlation In such a case, the 
tinal equations will be changed but the procedure 
will remain as outlined here 

The boundary conditions tor the svstem have 
already been expressed : « Co at afort> 0 
In addition, the following initial conditions apply 
at? QOforr <a, andn My att O tor 


a 


Mathematical Analysis 


In terms of evlindrical coordinates, the solution of 
equation 2 with the above mentioned conditions 


has been given [4,7 | as 


where Jo(ra is the zeroth-order Bessel function, 
J \(aa@;) is the first-order Bessel function, and aa; is 
the /th root of Jolaa;) 

Substitution of equation (5) into equation (1) 


vields 


Considered at constant r, the partial differential 


if 
| 
vate 
A 
— 
42 | 
- 
\ of a a, J \(aa;) 4 
i 
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becomes a total derivative which integrates to For values of 6 less than 10 this series converges 
j satistactorily The first three terms integrate 
n art ra 
in — > (f co he ol j directly, if it is borne in mind that each of the cross 
n al) of (aa;) 


products in the quadratic term, such as 
and the over-all extent of reaction is given by inte- 


grating m over the cross section of the tiber There f hg pB Jol pB)\pdp. t 
lore, 
an nr dr vanishes identically because of the orthogonality of 
: the Bessel functions with respect to p. In expand- 
ing the cubic term of equation (11), products of the 


following form are encountered 


6 pp )pdp, 


x rdr 
a /, | 

where the fraction of bonds unreacted at time ¢ 

Because of the nature of equation 4), the relative 
tension of the fiber, f fo. where fy is the tension at and 
t 0, is identically equal to the extent of reaction, 


equations to signify both the extent of reaction, y, 
and the relative tension, f f 


By defining the dimensionless quantities 8 Of these. the first provides the largest contribution, 
an, ~via, 7 Dt ‘at. and 3 tak but this is appreciable only for small integral num- 
, bers of the runninig parameter / \ccordingly, the 

inte logarithm SVatiOn become first term has been integrated and we obtain 


In Z + In 2 1 


Jo(pBi:) 12 8° 
x pdp, 9 
ey (1 
1024. = 
4 + A +A, 10 ppi) , 
1 n 
)1 
~- 53 1 , f 
(pa 
1 T 
XD ) ip. 
x dp 12) 
We let ip 
1 é 
7 laking only the first term of equation (12), G may 
be expressed thus 
and expand the argument of the exponential, so that 
3 \ ip + 1 e 
4 i pa ‘ 
2! ‘= 3° 
1 - 
po pip + 11 4 D 1 e 1 13 
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rABLE I 
lai > (i - 
Values of Bf he f wing Vv 
0 0.2 03 O4 0.7 09 1.0 
0.01 0.00500 0.00500 0.00500 0.00500 0.00500 0.00500 0.00499 0.00495 0.00470 0 
0.02 0.01000 0.01000 0.00997 0.00984 0.009045 O.O0558 0 
0.02494 0.02493 0.02487 0.02472 0.02438 0.02366 0.02232 0.0199) O.OLS89 0.00950 0 
0.04813 0.04795 0.04734 0.04636 0.04329 0.04157 0.04748 0.03176 0.02392 O.O1348 0 
0.11730 0.11616 0.11275 0.10704 0.09900 0.08859 04296 O02) 7¢ 0 
io 0.12456 0.12432 0.11989 0.11338 0.10468 0.09345 O.07976 O6169 0.04490 0 
0.12498 0.12374 0.11999 O.11375 0.10501 O.09374 0.07999 OO4502 02376 {) 
Since the diffusion coefficients predicted by equation (15) 
é7 : will be less than their true values by the amount 
InZ > + In 2G, 

2 that the value of A evaluated on this basis departs 
67 | from the value found by taking the more complete 

In + + 26 ~ 
2 | = 8 integral (equation (14)) This, no doubt, may ac 
g2 « 1 count for a substantial part ot the 10°) to 20°, 

7 
¢ 3" discrepancy between calculated and observed dif 
fusion coefficients reported by Reese and Eyring 

e i | 14) It is also important to note that the extent of re- 

sit. 
, Bi J action predicted by equation (14) is essentially a 


It is instructive to compare equation (14) for the POWer series in the reciprocal of the diffusion co 


extent of reaction, Z, with that obtained by Rees« efficient and therefore cannot be related to the 


and Eyring [21], who have considered the solution simple inverse of D except for small values of 


of the same diffusion equation They have made kcooa®) D, as has already been mentioned 


the assumption that the rate of reaction depends Finally, the solution of equation (9) was carried 


upon the average concentration of the reactant out numerically, employing Simpson's one-third 


rule, as a check on the accuracy of « quation (14) and 


fe throughout the fiber and not on the concentration : 
Ba at a given distance along the radius of the fiber as the range of 6 values covered by it Fable I lists 
predicted by the solution of Fick's equation. kor 
the purposes of this comparison we may write thet rABLE I 
final result for the extent of reaction using our 
notation (equation (19), page 749); CALCULATION OF A In 2 


67 1 
InZ + 26 5 1 e T) 15) 
2 B 6B pee Tmper! 
0 0.11730 0.11730 1.1244 0 1 0 
Equation (14) will reduce to equation (15) it we Ol 0.11616 0.11616 1.1232 0.1123 P 0.4492 
consider only the first two terms of the logarithmic 02 0.11275 1.1193 0.2239 2 0.4478 
03 0.10704 0.10704 1.1129 0.3439 1.4456 
argument of the former and, further, if it is recalled 04 0.00000 n.ncenn 11041 04416 : 0.8832 
that 0.5 0.08859 O.ORRS9 1.0926 0.5463 j 185? 
In(1 + x) fora 1 06 0.07582 0.07582 1.0787 0.6472 ) 12044 
0.7 0.05873 O.O5873 1.0604 0.7423 29699 
where OR 0.04796 004296 1.0449 ORAS] 1.670) 


The assumption that the average concentration ts 15.9180 


effective in governing the rate of reaction holds | OV 15.9180 0.5306 
only for small values of the argument 6 2keoa 


‘ | In 1.0612 0.0504 
D) For values of 6 appreciably larger than unity, — 


: 
< 
(te 
a 
ny: 
Bs 
Bp 
q 
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values for B given by 
/ pp) 
$ yp 


necessary for the calculation of A, where 


A In of exp | pdp, 


at specified values of 7 and». Since the series tor 
B converges relatively slowly, the numerical cal- 
culation requires the summation of fifteen terms of 
the series in order to insure an accuracy for B to at 
least four significant hgures Table Il gives a 
sample calculation tor equation (9) for é 1.0 and 


0.5 


Application to Experimental Results 


Phe effect of diffusion on a bimolecular reaction 
as considered in this paper is indicated in Figure 1 
Here curves are shown for values of 6 10, 30. 
7.0, and 10.0 (curves B, ©, D, and E, respectively) 
calculated from equation (14) which illustrate the 
effect of diffusion if kega® is considered constant 
Curve A represents the curve expected from first 
order kinetics when no diffusion effect is operative 
It should be noted that tor relatively large values of 
6 the curve does not approach the limiting slope, 

1, within the region plotted, and, from the experi 


mental standpoint, large values of time have to be 
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taken into account in order to evaluate the diffu- 
sion effect properly Conceivably, for certain com- 
binations of ke», a*, and D, the reaction may be 
diflusion-controlled throughout the measurable 
region of the experimental parameter used in the 
determination of Z. 

Che method of evaluation of experimental data is 
indicated in Figure 2, in which the curve for 6 1 
is reproduced from Figure 1 Phe term key may 
be evaluated from the slope of the linear part of 
the curve when In Z is plotted against fin the region 
where diffusion is no longer controlling the reaction 
The vertical displacement of the linear part of the 
curve (Figure 2) for a diffusion-controlled reaction 
above that for a reaction with no diffusion effect is 
designated as A,, which may be directly related to 
the diffusion coethicient if the radius of the fiber is 


known, since 


In 2G, att 
and 
1 
> +o + >. + ) (16) 
or 
G, 4 3.1252 10°°6 + 1.302 
+ 
| 
| 
Ko 
in i 
A 
4 
) ax x 
ke 
Fic. 2. Ln Z vs. kcot for A, ne diffusion 
effect; BL6 10 
q 


12 
| 
2 
Ad 
4 
— 
a 
\ 
a 
14.0 
0 a20 030 0A0 
Co 
Fic. 1. Ln Zvs. keot for A, no diffusion effect; B 
= 1.0; C,8 = 3.0; = 7.0: = 104 
4 
4 


NovemMpBer, 1950 


rABLE 


1, AS A FUNCTION OF 
i 
2 4 
0.0000 0.0000 6.0000 0.0000 
0.0626 0.0634) 0.0625 0.0598 
0.1923 0.1947 0.1875 0.1794 
0.3274 0.3338 0.3125 0.2990 


0.4675 O.4801 0.4375 


O7102 62500 0 5980 
1.0753 
1.4924 


4.4107 


rom the nu ical aluation of equation (9 


Or, using equation (1; 


~ 
A. = =: 17 
8 

Phe values of A, corresponding to various values of 
6 are tabulated in Table II], as expressed by the re 
lationships in equations (16) and (17), as well as by 
the numerical evaluation of equation (9) at? ce 
and by the approximation used by Reese and Eyring 
in which they considered only the first root of the 
Bessel function columns 3, 4, respectively 
Phe numerical evaluation of equation (9) may be 
considered as a reference. Values of A, as evalu 
ated from equation (16) for values of 6 greater than 
10 are not shown, since it was tound that beyond 
this value of 6 the series diverges 

\ctually, recourse to equations (16) or (17) ts not 
necessary when only the diffusion coethcient ts to be 
determined, since the numerical evaluation of A, 
for various values of 6 (Table [11], column 1) can be 
used for this purpose That is, A, and kega® may 


be evaluated from experimental data as described 


above; the value of 6 corresponding to A, may be 


read from a plot describing this relationship, and 
D may be determined immediately This pro 
cedure, of course, assumes that it has been estab 
lished that diffusion ts actually the process control 


ling the reaction 


Summary 


Phe general equation for the kinetics of the suc- 
cessive processes of the relatively rapid diffusion of 
a reagent into a cylindrical tiber, followed by a bi- 


molecular chemical reaction, has been developed 


and applied to the extent of the reaction and to the 
resulting decay of stress, based on the assumption 
of a linear relationship between stress and the ex 
tent of the reaction 

Two methods of solution of the equation have 


been indicated and a comparison is made with the 


solution of a similar problem as carried out by 


Reese and Eyring 
Finally, the authors have considered the method 
by which the parameters in this equation can bx 


evaluated experimentally 
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“Some Felting Properties of Wools of Different Geographical Origins,” by \rnold M. Sookne, 
Herman Bogaty, and Milton Harris 


In the paper of the above title in the September, 1950, Textite Researkcu JOURNAL, the conditions 


under which the measurements of mechanical and frictional properties of single fibers were made were inad 
made with the fibers immersed in water at 70°F 


vertently omitted Vhese measurements were al 
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The Kinetics of Wool Dyeing 
Part Ii: The Adsorption of Surface-Active Dyes 


by Wool and Other Fibers* 


P. Alexander and D. A. Charman 


Department of Physical and Inorganic Chemistry 


Imperial College of Science, London 


Abstract 
The kinetic curves for the adsorption on textile fibers of a dye having a long hydrocarbon 
chain (Carbolan Crimson BS) indicate that there is an initial rapid, but limited, reaction wl 
is tollowed by a much slower reaction The influence of electrolytes, dve concentration, and 


temperature was studied, and the magnitude 


the initial adsorption was correlated with the 


surface activity of the solution. The dye thus taken up was shown to be located on the fiber 
surface which, being largely nonpolar, is an interface for adsorpti of surtace-active substances 
It is suggested that the surface activity of the dye contributes substantially to it anion 
affinity 


Tu ANION of an acid dve may enter a fiber in 
two different ways [4]. Firstly, fibers containing 
positively charged groups (¢.g., protems on the acid 
side of the isoionic point) will hold the dye ton as 
a gegenion which is not replaced by inorgamie tons 
such as chloride or sulfate because the complex or 
Zanic anion possesses a very muc h greater affinity tor 
the fiber. The acid-dyeing of wool can be repre 
sented as an anion-exchange reaction where the dye 
replaces the anion of the inorganic acid. Secondly, 
dyes with very great anion affinity can be sorbed by 
uncharged fibers as leading or potential-determining 
ions, and in this case the inorganic cation becomes 
the gegenion. The dyeing of cotton with direct colors 
and thie neutral dyeing of wool proceeds in this way 
There is no sharp dividing line between dyes of anion 
affinity sufficient only to replace simple ions as gegen 
ions and dyes with an anion affinity great enough to 
become leading ions, the difference being one of 
dispersive forces were shown to play an important 
part in anion affinity by Steimhardt, Fugitt, and 
Harris [15], who demonstrated that the affinity of 


an acid for wool increases with the size of the anion 


*Part I of this series appeared in the July, 1950, issue 


Kitchener and Kressman |10] showed a similar et 


fect for cation resin exchangers with a series of sub 


stituted ammonium salts Hydrogen bonds have 
been postulated as being responsible tor the fixation 


of dyes by cotton 11, 16, 17], and with many dyes 


this may be one of the most important factors con 
tributing to high amon affinity The different hydro 
gen-bond behavior of different fibers possibly e 
plains why some dyes which are excellent for cotton, 
sav, are of poor fastiess on wool, and vice versa 
It will be shown m this paper that surface activity 1s 
another tactor contributing to anion affinity, ar d that 
some dyes are adsorbed very strongly 
are attracted to the fiber interface, which is less polar 
than the aqueous dye solutior 

Che rate of dyeing 1s controlled either by diffusion 
through the solution to the fiber surface, when it 1s 
dependent on stirring, or by diffusion through the 
fiber, which requires a greater activation energy [3] 
Dyes of high affinity, such as the neutral-dyeing 
wool colors, consist of large molecules, which in many 
cases are aggregated to form still larger units, which 
diffuse very slowly into fibers at room temperature ; 
as a result, the rate of dyeing becomes constant and 
independent of increases in agitation at low stirring 


speeds. With some of these dyes a small and limited 
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LA lartwation of extinction of Car Fic. 1B l’ariation of extinction cCoefhictents of Sky 
bolan Crimson dye ition contammima different cor Hin FF dye s ion niaining different nceentra 
trations of ammonium acetate as determined ith a tions of sodium ci le as d mined with a Spekker 
Perk ru ‘ remecter 
rapid mitial uypt ike of dve could be detected wl ch, calibration curves had to be constructed for solutions 
i,t! | ture ith 1) citterent nt tier 
when complete, Was tolowed, at room teniperature, ot the same dve comtaining ailferent concentrations ot 
by the very slow diffusion into the fiber The dye added salts because the extinction coefhicrent of many 
taken up initially was shown to be located on the dyes, including Carbolan Crimson, is reduced by 
fiber surface, and the amount of surface adsorption — electrolytes (see Figure 1 Phe extinction coeth 
» determined from the rate-of-dveing curves. The cients of simple acid dyes such as Orange I] and Azo 
initial orption Was very dependent or stirring, un (,eranme are not changed by salts When wool dve 
like the subsequent fiber diffusion, and the break in ing was done for long periods at elevated ten pera 
the curve can best be identified in a we tures, protein decon position products went ito the 
vstemn, where the differences in rate of the two proc solution, thereby changing its color value, and an 
esses are accentuated The effect was most pro accurate colorimetric estimation of the dye content 
nounced with surtace-active dyes, and was theretore ot the solution was impossible Chis difficulty, Was 
tuched im detail with Carbolan Crimson BS (Impe not encountered in this work because no such decon 
rial Chemneal Industries Ltd.), which consists of the 
simple acid dve Azo Geranine (C. No. 637) 
\ Velve tor 
with one or more long hydrocarbon chains attached OE aaa 
Experimental Procedure 
| 
~ oh 
Fabric wa extraction with water il 
coho ether il thre evera ay were 
freed trom added electrolvtes by reerystallization or : | 
4 Ot’ 
precipitation Phe experiments were carried out m 
comical tlask, haktr by | ind inca thern mstat 
hie umount of acdsorptior s in ependent of the a 4 a 
olution-to-tabrie rat nd the low ratio of 25: 1 was ores 
weed to ensure iscuirately measurable char ge it i arta 
i } ali ated trom drop s fal 45) ar an Crim 
dve concentration of solution dye con J 
S ition contaming il) n sali, and (2) 
tent was made with a Spekker colorimeter separate mloniun etate (aga petr m ether 
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position occurs at the low temperatures used i ntertacial-tensiot 

monium acetate was chosen as the electrolyte fo time) was taker 

most of the experiments because it buffers the so lution interface 

tion to pH 7 and therefore excludes the possibil 1¢ petroleum 

of dyeing by ion-exchange lic curve rel 
For the construction of a kine 

different experiment was carned out tor each ] 

(1.¢., for each different time). With Carbolan Crim 

son, fiber diffusion at room temperature 

neglected since it is very slow compared with sur 

face adsorption, which, with hand-shaking, was com 

plete in 2 to 3 min., ! * amoun f dve taken 

up after 3 min. was therefore considered in this 

invest be tl hor f initial adsorption 


{see Figure 


Determination of Surface Tension of Dye 


Che drop-size method, using an 
roughs Wellcome ) micror 
neutranty 


the capillary was calibrated with water at 22°C 


t mcreased 


«i 

For the interfacial-tension measurements petroleum 
ol ammonium acet e the cation aids 

ether, b.p 110°C, was used The establishment of < 

. dyeing by the common-ion Carbolan Crim 

uilibrium is slow and misleading results are ob 


‘ son has very g t athm to , even at neu 

if this wot taken into consideration. The 

following procedure was adopted. The micrometer 

was turned slowly until the drop formed fell off 


1 


\fter this a drop was set up, not necessarily slowly, 


having a volume of 2 Jess than the previous one, 


ordet 


and the time for the drop to fall was measured. This 


} 


esence 
process was continued ] pr 


until a drop size was attained 


such that the drop did not fall off 


763 
value at this pomt (15 min. talling 
as U surtace tension tor the at 
and as the interfacial tension tor 
ution interface because the hyper a 
ng the tension and time had flat (pare 
igure 2 for typical examples ) iat 
ults and Discussion 
rve for dveing woc! at 25°C with 
nom a solution of ammonium ace 
ee clearly shows an initial rapid ad : 
by a much slower process which 
! Po continues until equilibrium is reached (24 hrs. ) In a 
contrast, it is seen that the curve for Azo Geranine 
Solutions GS (Figure 4) is continuous and is sonilar to thos 
for other sunole aves (Orange (¢ No 
nge (ils No 27 ) In all 
4 
there is little adsorption the 
= 
hbriam 
ik. In to relate the initial adsorption to the 
iffinitv—-e.g., Sky Blue FF (C. No. 578), Coo 
les massie Milling Searlet (C. 1. No. 443), Benzo Pur j 
| purme 414 (C. No. 448), and Polar Yellow R 1 
3 Rate of dyew of wool at 25°( a ati f dyeing wali ] (,eranme GS 
tion of 75 mg of Carbolan Crimson, containing dif ng md a solutton-t ralt of 25:1 
ferent concentration f acctate ata solution ni } vu 1°; ! hate 
to-fiber ratio of 25:1 (at neutra md in N 100 He 
id 
‘ 


= 
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Fic. 5. Rate of dyeing with Coomassie Mi 


ng Scar 


at 25° ( Dye concentration 100 mg ammonium ace 
ite ncentration solution-to-wool ratio 25-1 
dye i LO f ammontum acetal 


Wit tollowed Dhese dyes possess no hydrocarbon 


chains and the first two (Figure 5) give smooth 


kinetic curves and the last two react so slowly at 


room temperature that the amount sorbed in 30 min 


is within experimental error However, other Car 


bolan dyes possessing long hydrocarbon chains show 


pronounced imitial adsorption even in the absence of 


electrolytes (Figure 6 In addition, the property 


is a general one—-e., Carbolan Crimson behaves 


similarly with cotton and nylon (Figure 7). Cotton 


adsorbs Carbolan Crimson even in the absence of 


salts, but the quantity of dye adsorbed 1s greatly in 


creased in the presence of salts, reaching a limiting 


value which is ten times that for wool: this can he 
seen by comparing Figures 7 and 11 
> Effect of Temf rature and Concentration of Lye 


tat 
leetat 


and 


Initial adsorption is clearly evident at O'C, 25°¢ 


and 50°C but not at 75 (¢ ( see s-10 


Figures 3, 
The effect of changing 
rate curve is shown in Figure 11 in terms of per 


centage dve-bath exhaustion; the lower the concen 


tration the greater the exhaustion The actual quan 
titv of dve adsorbed does not, of course, 
with mereasing concentration 
on the tiber to dve in solution decreases 
Figures 3, 9, 10, and 11, 

1, 


ments ad 


toge ther with ¢ xperi 


scussed in section 4, clear demonstrate 


the dve concentration on the 
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Fic. 6. Rate of dyeing of wool with Carbolan Yellow 
) and Carbolan Violet | ) in the ab 
sence of added electrolyte. Dye oncentration 200 
mg lemperature tron-to-fiber ratio 25 
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Fic. ¢ Rate of dyeing with Carbolan Crimson on 
tton | ) and nylon ¢ », 25°C, dye concentra 
tion for cotton 500 mq./l. and for nylon 200 mq./1., botl 


all the dve which can be adsorbed on the surface in 


equilibrium with the dye in solution is taken up 
under the conditions of experiment within 3 min. at 


25°C and 50°C, although at 0°¢ 


longer 


the process takes 
Adsorption isotherms can therefore be con 
structed (see Figures 12 and 13), and the quantity 
of dye on the tiber, calculated from the exhaustion 
of the dve bath, is plotted against the dye-bath con 
initial reaction 


centration at the end of the 3-min 


period. It is seen that at O°C (Figure 8) and 25°C 


the optimum salt concentration is approximately 


0.1%, although at 50°C the dve uptake increases 


ay 
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where the influence of the cations 


valent salts followed a lyotropic series 
On the other hand, the valency of the cation af 
1 considerably. Thus, with a solu 
Crimson 10°M 
adsorption curve was 
adsorbed, in con. 
KCl With 
10 
and 
is sorbed by the 
wool and the dy en precipitated within the fiber 


Dve adsorption does not attain a maximum at an 


alt concentration with iw electro 
idsorption the 
KC] 
produce precipitation 


liffer from) ammonium 


ibout mo surtace 


dye | ol, and it would thus seem 


electrolyte property and thet 


surtace-active 


2 


REACTION 


tempe 
tempe 
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ult, no dj hed al 

adsorbed, although very smal! quan. this respect these salts 

lectrolyte bring about surtace adsorptios acetate 

ront Figure 14, in which a logarithm: Phe addition of sucrose ut 

ais used to accommodate tl gent cetyl lin 

MW ite the wide range of vl sodium sulfate brought 

hey are not 

Irtace prope rtie of paratt c) 1? Ids d nto the cr 

po eadily removed by distilled 
water immectatel iter lsorpt } 
‘ al a wlsorption 
Different electro! sorption without inter 
used in order to deter. ‘diate drying, and it was found tl 
rime thre lat a true fre 
on the initial adsorpti 
Nphicater to the fact that 
| the dye precipitated ata crit | | 
‘ concentration of tl | 
precipitation occurred with diff | 
4 different salt | 
types as foll eR 

Wool tron i 140: clint 
it. \ the addit 3 4 
LiCl, NaCl KCL Fe. 15. 
N \ i ffect of steamin 
Nal, NaNO nd OOPS! ring in air for 135 (), drymg (QO), and 
Na, SO) bhese results cditter tr n rePeated 2-min e adsorption of dye 

\icl se found by peated 3-min. reaction periods. Dye-bath con 
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versible equilibrium exists for desorption. The re 


sistance to washing of the adsorbed dye is greatly 
nereased by drying, which suggests that the dye 
migrates into the imterior of. tl 
aftertreatment ; the effectiveness of « 


ol 


drying are compared in Table | In addition, 
after such treatments the fibers were capable of ad 
sorbing rapidly the same quantity as in the priot 
treatment li, however, ithe fabric 1s merely left at 
room temperature for 15 min., very little dye is 
adsorbed in a subsequent treatment (see Figure 15 

lo eliminate the possibility that this effect 1s due t 
changes in the fiber structure on steaming and dry 
ing, adsorption experiments were performed on sam 
ples which nad previously been steamed and dried 
It can be seen from the first 3 min. of dveing ( Figure 
15) that the quantity of dye adsorbed was not in 
creased by these treatments 


\s a check on the above results the ive content 


of the wool was determined by measuring the light 

reflected from the wool sample with a selenium-cell 
} 

reflectometer (evans Electroselennum Ltd.) and 


comparing 


with samples dyed at 100°C with solu 
tions contaming different amounts of Carbolan Crim 
son and 0.26% ammonium acetate \t 100°C the 
dve bath was complet ly exhausted within a few 
minutes and the amount of dve left in selution was 
too small to be detected. In every case the color 
intensity of a sample of wool with adsorbed Carbolan 
Crimson was less than that of a conventionally (1 

at 100°C) dyed sample. Immediately after the ad 
sorption and while the sample was still wet, the light 
adsorption of the wool was 30-40% less than that 
of a wet sample dyed at 100°C and containing the 


same quantity of dye \fter drying, the light ad 


sorption of the adsorbed dye was about 25° less, 


whereas after steaming there was no difference. The 


color intensity of wool dved with adsorbed dye was 


in every case increased by steaming to that of a sam 


TABLE Errect oF DirFERENT APTERTREATMENTS ON THE FastNess or Apsorsep 


Dve adsorbed 


Vftertreatment Water at 
None; 15 min, after adsorption 0.44 
Standing for 24 hrs. at 25°C 0.12 
In air-oven at 80°C for 2 hrs 0.05 
In air stream at 110°C for 10 mur 0.12 
In steam at 100°C for 10 min 0.0 


arbolan Crimsot 


ple dyed by the conventional method at the boil, but 


no change takes place when a dry sample ts heate: 
even for long periods. An exactly similar change im 
color mtensitv occurred on drying or steaming cot 
ton and nvlot Dies whuicl } ul orbedl ( irbolan 
rinse 
5 Suriac ensioy ve Solutions 
rhese rement the nearest 
Nese ents are expressed cares 
dvne only because the equnrhbrium value was consid 
ered to be that at which a drop ds yus t fall off 
(drop-size method), and Figure 2 indicates that this 
value is correct at best to within | dyne. Ot all the 
VES ¢ med on the Carbolans lower the surface 
tension r-solutiotn nteriace pprect bly ancl the 
ddition of ammoniu wetate has relatively litth 
etlect The ntertacial solution 
mtertacé or 4 irl lat Cru ’ yainst i hvaro 
carl greatly decreased by tl vdditi t clec 
trolvte, whereas tof lut ot Violet 
er\ OW eve he cme 1 \te 
Dves which do not show rapid i ieowinticn 
onto tibers do not lower the surtace of water 


This is lowered to half by Carbolan Crimson im the 


‘olar Yellow 


absence of added electrolyte ind by | 


1 sur 


tron The interfacial tension 1s, however, very 


yreatiy decreased by Carbolan Crimse 


ind it appears as if it must be lowered 


before adsorption onto wool wall take place 


but they are able to reduce the interfacial tension 


lace adsorp 


nm with salt, 


These results (see Table []) are in agreement 


with those of Gibby and Argument |& 


that neither aggregated 


dyes were adsorbed at an air-water mterface 


Conclusions 


Phe following observations support the contention 


that the dye sorhe nitially is located 


= 083 me. 


Me. of dve* g. of wool desorbed in 10 min. in 
Water at 100°C ‘) Soap 
0.42 
0.19 
0.14 
0.20 


who tound 


nor molecularly dispersed 


= | 


entirely on 


oln. at 100°C 


| 
| 
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solutions, although neither showcc 
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| 
0.78 
0.40 3 
0.3 
0.34 
= 0.05 
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PABLE Screace ano or Dye Soturions ar 22°C 


oo? ur OL am nium acetate 

002°) Carbolan C1 on +02 acetate 8 
OO2 Carbolan Crimson 1 acetate 

O02', Carholan ) immonium acetats 10 
oo? Carbolan Crimson pota n chlorick 6 

O.005', Carbolan Crimson 

O=:.008°, Carbolan Crimson + 0.2 acetate 9 

0.058, Carbolan Crimson 14 

Carbolan Crimson + 1 acetate 

0.1°, Carbolan Crimson 10.8 17 
Carbolan Crimson + O02 immonium acetate 10 
0.02°, Carbolan Violet 6 

0.02, Carbolan Violet + (2 immonium, acetate 7 

O02 \zo Ceranine $5 i9 
0.025, Avo Creranine + ammeor acetate 

O.0) Ceranine + | acetate 45 

O02 Polar Yellow sO 


B 
002°, Sky Blue FE + O15) pota m chloride 18 78 
0.02, Sky Blue FI + potassium chlorick 10) 
0.025, Benzopurpurine 81 
0.02°, Coomassie Milling Scarlet 15 78 


the surtace of the fibers: (1 Phe dve is readily and fiber The failure to detect surface adsorption at 


completely removed by cold water, altho 75 C arises from the fact that the temperature coeft 
ing or steaming it becomes fixed and very ditheult i cient for fiber diffusion is twice that for the liquid 
not impossible to remove with water (2) After diffusion which governs the supply of dye to the 


even though the tber had beer uJ parently saturated never becomes saturated 
with respect to that dye solution (3) The quantity It seemed possible that the surface adsorption ot 
of Carbolan Crimson required to saturate the fiber Ives is related to the aggregation ot dve molecules 


at neutrality [13] is about 200 times greater than in solution since both effects are mereased by addi 


hat adsorbed in the imutial reactior (4) Even at tion of salts, decreased at high temperatures, absent 


room temperature very much larger quantities than with Azo Geranine, 


the surtace will be far from a state of saturatior than that of Polar Yellow, Ber ropurpurine, and 


after a leveling process such as steaming, and the Coomassie Milling Searlet, none of which show sur 


1 
wa 
| Pension (dyne 
\watr petr le nm ethe Avain t aw 
Water 
0.02', Carbolan Criunson 4 44 
002°, Carbolan Crimson + 0.0055) am n acetate ”) 
O.02', Carbolan Crimson + ammon n acetat 1 
Carbolan Crimson + 0.02%) ammonium acetat 12 
~ 
ia 
0.02; Polar Yellow + potassium chloride 3 
: 
| 2 teaming, wool can adsorb a turther quantity ot dye surface [3], so that at high temperatures the surtace Bee 
a 
4 that adsorbed imitially can be taken up, although the son. Recent experiments |5|, however, in which the ven 
7A reaction will take a comparatively long tine molecular sizes of dves were determined by light PAN 
oe The very ow reaction follow nye the initial ad scattering, showed that the effects were not excep 
eet orption process represents diffusion from the sur tionally great in the case of Carbolan Crimson Pre ; 
Reg face into the fiber, and fixation by heat or steam) vious measurements tn this laboratory based on dit boas 
this 1 rration of cave leading to a more fusion throug! porous sintered-glass membrane | 
even cistributior i dve in the trher Since the were invalid because of interference caused bv ad 
pat quantity of dve held on the surtace is very small sorption of the dye on the glass. The molecular size xe 
whet compared vith the total cay witv ot the tiber irbolar Crimson tt lilute salt solutions is less 
\ ypared with t t the tibet noi alt utions is | 
yaaa amount ot dve orbed after tixation wall theretore lace adsorption» aggregation is theretore unlikely to on 
i be almost as great as that adsorbed by an undyed — plav an important part in this phenomenon rs: 
| 


for adsorption of Carbola 


le presence of ammonium 


The parallelism between interfacial tension and 
initial adsorption indicates that the latter is an effect 


which ts attributable to the surface activity of the dye 


solutions. Wool is hydrophobic, with large nonpolar 


areas |7|, and a surface-active material in aqueou 


solution will concentrate at the fiber surface and pro 


» the effect of rapid adsorption provided that the 


cbffusion within the fiber is slow compared with the 


rate of transport through the liquid. It is very diffi 


cult to measure interfacial tension betwee 


and a solid, and the surface activity of the 


tion and fiber must hence be deduced from the 
be determined 


troleum ether, wool, simulate 


than air, and this explains why 


closely 


more 


interfacial tension represents surface adsorption 


than d wrt wor 
tha adoes surtace 


itions of added erectre 


id decrease 


repulsior 
anions, enabling a higher concentration 


maintained at an interface and 


chain 
more dve to | 


on the fiber surface influence 


the surtace concentration 
}*t nds on the nature of the 


acetate has a relativels 


tension but a consideral 


rie 


centrations, on the interfacial te 


ether and, by analogy with the 


tiber 


The adsorption of dye is greatest at a concentra 


tion of 0.1-0.2% ammonium acetate, 


maximum is observed potassium 


seems probable that ammonium acetate, which 


known to have 


begins 


greater affinity | 14] for protems than 


entrations to compe t« 


at high com 


irbolan Crimson for the available 


sorption 


At lower concentrations the 


AMT 


and promotes 


11 
acts as a gegemion on adsorption Ib 
potassium chloride does 


Cotton adsorbs Carbolan Crimson even 


absence of electrolytes, and in their presence 


it much more readily than wool does. Cotton, 


swells more than wool, has a greater avatlable 


face, so that even when the surface concentration © 


Carbolan Crimson is small, a measurable quantity of 


dve is removed from solution. Carbolan Violet has 


a low interfacial tension (1.¢., a high surtace conce 


tration) even in the absence of electrolyte, and thi 


explains why the pure dye is readily adsorbed 


Phe adsorption isotherms for lan Crimsot 


in the presence of electrolytes, plotted 


(concentration im solution ) 


against concentration in 


(concentration im fiber 


solution, give straighter lines (Figure than 


plot al log (dye on hiher 


The 


of the Langmuir type, 


against 


tion surface orption of 


Iron) whi h 


the sorption sites ar 


limited in number 
that Carbolan Crims 
peptide chain and no 


which are very divert 


energy 


The verv much greater affinity 


son as compared to Azo Geranme for wool and othe1 


fibers must be related to the hydrocarbon chain of 


aitterence 


Carbolan Crimson since this 


hetween the wo ay generally heen 


sumed that hydrogen mas j ¢ mayor tacta 


the affinity of anions h can dye neutral 
and cotton, but sucl nk an play no part i 


affinity of Carbolan Crims se paraffin chat 


hydrogen atoms Phe merease 


1 mobile 
Carbolan Crimson over Azo Geranine 15 
van der Waals’ attra 


the dye and the tiber and to the 


lv due to the ction hetweet 
urlace activits 
produces positive adsorption on the 


fiber It is 


large 


surface of the impossible to separats 


quantitatively the influence o two factors, but 


it seems probable that the 


adsorption effect 


ys the more important p 
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| by the interfacial tension of the solutions. It 
re 
it 
< 
at 
Ay 
| 
all of equal energy and ar 
view of this it seems probable 
is sorbed by the mam pol) 
HES t b the basi sicle 
| and would not all be of the 
air 
Wns a lon cy as 
—D salts on the 
intertace ; thus, ammoniun have no 
effect on the surface affinity o 
efiect, even at low cor 


770 


Although the addition of a ¢ to C., hvdrocarbor 


chain would increase the a Azo Geranine 


anion, the increase, 1f due to van der Waals’ forces 


only, would not be expected to be of the magnitude 


actually observed for Carbolan Crimson 


This point 


18 supported by the work of Gilbert 191. who deter 
mined the contribution which is due holly to the 
disp rsive forces of a benzene ring to the affimity o 


a dve amon for wool 
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Letters to the Editor 


The Relationship of Wax Content to Maturity of Cotton 


ScHOOL oF TEXTILES 
Pie CLEMSON AGRICULTURAL COLLEG! 


CLEMSON, SOUTH CAROLINA 


»7 
Lilie 


lo the I ditor 


TEXTILE ResekaRCH JOURNAI 
Dear Su 


In a paper presented at a meeting of The Fiber 
Society at Clemson College in April, 1949, and in a 
subsequent Letter to the Editor of Trextite Ri 
SEARCH Jou RNAL, which was pru ted in the Novem 
ber, 1949, issue, “Relationship of Wax Content to 
Maturity of Cotton” [1], it was shown that a relation 


exists between percent wax in cotton fibers and 


fiber maturity and that it ts possible quantitatively 


to explain this relationship by relating the percentage 


of wax to the specific surtace of the fiber (surface 


area per unit weight) or the reciprocal wax per 
centage to the amount of cell-wall material per unit 


surface (“average maturity” *) \ linear propor 


tionality was found to exist between these quantities 


These tindings were 


using chemical methods 


Marsh, Barker, Kert 


article, in the Textite Reskarcn JoURNAL of May 


osed in a study of maturity 


and Butler in a subsequent 
1950 | 2], apply the same principle in a study of the 
wax content of different varieties of cotton of the 
samme maturity Re lating the pr reent of wax with the 
specific surface in the different varieties, they also 
found a close correlation between the two quantities 
and conclude that the amount of wax per unit sur 


face 1s the same for all ditferent varieties 


It Is indeed grat \ ny tl it their re ilt ct neide so 
closely with the prinetple ! results of the article 


However, these authors, in a Letter to the Editor 
dated January 6, 1950 [3], bring to attention a few 


to 


points of the article on maturity which might ten 
obscure its main points and intention as given above 
\lthough these points are of minor importance and 
do not interfere with the main trend of the article 
on maturity or the complete agreement of the two 


articles im principle and a short dis 


mayor pow 
cussion of the points in their letter may 

Their main pomt refers to the application of the 
wax-maturity relationship toune 
ment ot the 


that the same 


may also be measured from arezlometer determina 
tions, which are easier to make his ts true (if it 


is accepted that the arealometer measures specifi 


surfaces in all circumstances) and this fact was never 
disclaimed in the article in question; in fact, the dh 

vantages of the wax determinations as compared 
vith the physical methods have been emphasized 


from the beginning (see the last paragraph, * Pros 


pects of Developing New Methods for Practical De 
termination of Average Maturity’) [1] Che main 
purpose of applying the wax relationship as a basis 
for maturity measurements was ily to approaci 
ma chemical angle, and 
it was potted out that the origi il wax method 


might have value only for special laboratory purposes 


stated in the follown gy word 


=! 
He 
on maturity 
Me 
‘ 
ve i 
if 
quantity (namely, specific surface) 
La 
i 7 
| 
| 
or for routine determination im case simpler and 
quicker methods might be based on it wa 
aes *In these studies of maturity, the reciprocal value of tl Lhe pecial relationship between wax content and at tags 
he specific surface was termed “average maturity,” as it denotes iverave maturity ¢ tablished m these tucies will mn . | ay 
aay the amount of cell-wall material, depending on the degree t 1 . ' 1 ” ‘ 
‘ the itself be of considerable interest” and “‘the question 
whica the average fiber material has matured in a definite 
3g garinie arises whether or not on the basis of the results ob 
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would be possible to develop a new practical ‘surface area’ * were used in the article in a loosely 
method It might be possible to adapt the wax interchangeable manner would be justified had thei 
method described above to practical use or, alter use been mm connection with different varieties, which 
natively, te employ a determination of the pectins or 1m turn would have involved differences in perimeter 
perhaps other substances, which might require less These terms as used in the article refer only to the 


time maturity variation witiin each single variety and im 


pe tal consideration should be viven, however, to that a © are elated to each other by a hxed propor 
one point brought out by the above authors—namely, tionality factor, genetic differences im perimeter be 


tween different varieties playing no part Under 
that their expermerital data mdicated the wax per wads pia g no part 
; such circumstances it 1s of no importance which of 
unit area to be influenced by the weathering of cotton, ; ; | wl 

ae the terms ts used 
and that the wax method would be principally ut { 
‘ , In conclusion, it is belheved, as stated in the origi 
uitable for the determination of maturity Lhe 
nal article, that the wax-maturity relationship is of 


data ven, however, refer to an unusually Jong 


interest im studies ot wax content of 
! 

erin of weathering (over 1] weeks) and even in ‘ ‘ . 

| dessa . cotton in general and also offers a possibility for a 


chennecal approach to maturity problems in labora 


this case the resulting average itcrease in Wax pet 


lot more than 10 must be granted 
centage Is not more an | It must be grante tory research, but 1s not mténded as such for routine 


he used fo ou | 
that it the method were to be used tor routine detet aleterminations of maturity, unless a quicker method 


Minations, i Cases of cottons of conipletely Unknow! might be based on it (or on the underlying theorem ) 
origin (which night have been exposed to such se 


vere weather conditions) this margin would have to Literature Cited 


be taken into account, but then the same objection 1. Heyn, ALS, J mship of Wax Content to 
oO ottor pres< ed } 
would also hald for all other methods that determine turity 1 Cotto Paper pre ented at the 
ot The Fiber Society, Clemsor \ 


the ratio of surface to fiber werght neluding 


but rather other substance pre sumably cellulose and 2. Mars) Pr. 2 Barker, H. D Kerr | and 


j \ ontent felated to Sur 
water-soluble materials, are reduced weathering 1. 1.., Wax Re 
of Cotton Fibers, Texrine Researcn Jor 

(which explains why the authors found an mereass 20. 288 « May 1950) 
im percent of wax after weathermy This change 3. Marsh. P. B.. Barker. H. D.. Kerr. T.. and 
in ratio of substances te urtace area meal a chat ue M. 1 Wax Content of Cotton Fiber 

the lite Te AY 
in the specific surface and will be sl n up no matter the Editor ) PextTine Restarcn Journ 

May 1950) 


wis irealometer, or other methods 


hem other point that the tert perimeter’ evel 
| it ense m the arti 


| 
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4 
ing re 
1949; and Letter to the Editor, Textite Rt 
arcalometer method This ts because not the was searcH JourNaL 19. 711 (Nov. 1949 
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le a working outline 


paper is intended to provic 


sed are: the f 


mum continuous th, periodicity of 


amples, and eval 


Tr ADDITION of a data tabulator such as 
that described by Rusea [9] to any of the familiar 
graphically recording, irregularity-testing instru 
ments vastly extends the utility of the instrument 
for both research and mill use \ data tabulator 
makes practical the rapid accumulation and analy- 
sis of sizable quantities of data; broad sampling 
throughout mill processes may be accomplished 
Numerous problems are thereby brought into the 
foreground, among which are those of experiment 
design, sampling, and interpretation of results 
The present report highlights the nature of these 
problems as they appear in the light of tabulated 
data obtained trom studies of cotton slivers and 


rovings with a Saco | owell sliver tester \ yreater 


number of practical and theoretical problems in 
volving irregularities of slivers, rovings, and varn 
iwait and deserve attention. 


The application of a data tabulator complements 


1 ot +h 


Paper presente: e meeting of The Fiber Societ 


I> ¢ September 13, 1950 


It highlights the nature of the fundamental pr 
lems which arise as a consequence of the broad samp 


lator. ‘Ilustrations are based on the type of t 


inction of a tabt 


INDUSTRIAL SECTION 


Use of Tabulator Data in the Analysis of Sliver 
and Roving Uniformity’ 


John P. Elting and James C. Barnes 


Kendall Mills Research Laboratories, Paw Creek, North Carolina 


Abstract 


The addition of a data tabulator to any of the current instruments which grapt lly dep 
sliver, roving, or varn uniformity vastly extends the usefulness of the instrument The present 


ng and methods made practical | he tal 
nilator described by Rusca and applied to tix 
lator, the type of « ita made available, the min 
iniations within iple, var 


and supplements, rather than supplants, the results 
ordinarily obtained trom graphical records The 
Kendall tabulator ts essentially the same as that de 

scribed by Rusca, differing principally in that tabu 
lation of the data and the graphical record may be 
obtained simultaneouslh As constructed, — the 
Kendall tabulator does not prov de for a variabl 
interval between observations as does the Rusca 
device The significance of this latter difference 
has not been fully appraised; moreover, it is but 
one of several problems that should be resolved 


The present paper highlights selected steps in the 


use and interpretation of tabulated data. Much 
of this material is not new; it is seattered widels 
throughout the literature and is, in some instances, 
obseure This paper is intended as a working out 


line; the subjects covered are not treated in detail 
The references provide information on other and 
more complete aspects of the uniformity problem 

\utomatic tabulation of data as discussed here is 


not restricted to the Saco-Lowell instrument, and 


A 


5 
ite 4 
rar 
| 
Saco-Lowell sliver tester 
The subjects discus 
ation of mill machine performance 
| OF 
‘| 
| 
‘| 
| 
| 
| 
| 
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it is to be emphasized that problems involving wu Possible devices to further reduce the time re- 
regularity of mill stocks are so varied that no single quired for accumulating and calculating uniformity 
testing device, method, or type of data should be data are numerous and = varied Relatively few 
expected to yield all the information desired such devices have actually been built and described 
in the literature [1, 2, 4,9, 15 
What the Tabulator Does Phe tabulator pertorms none of the computations 
Irregularity may be determined by weiehing cut It causes the testing instrument to “observe” at 
lengths of sliver or roving, but this is, at best, a discrete, equally spaced points the thickness of the 
tedious procedure Many automatic testing cde stock (sliver, roving, etc.) being examined Count- 
vices have been built which provide a graphical ers record the occurrence of these observations \ 
representation of the irregularity of the material particular counter shows the number of times that 
examined Phe process of taking trom these graphs — the sliver or roving has a thickness corresponding 
data which are suitable tor statistical analysis re to that at the moment of observation 
mains a time-consuming operation \ tabulator effects a major saving of time It 


SACO-LOWELL EVENWESS TESTER 


Dates FINISHER DRAWING SLIVER pack & 39 peretiors MOF Date; &-=5- 49 


Wid-r 


Reading 


[623] 4605 


\verage: A { = ) + (Rack & Pinion) + 0.5 + 33 + OS 44.09 
1048 
fx 
4605 623 
) = 2.01 
N 104s 1048 
Coefticic { Variat | 100 100 
\ 34.090 
bie. Yam ft f t run of fimishe rawing sliver; the computations and formulas used in computing 
mean, X, and standar evialion, 0, are shown ldjustment of the average by an amount equal to the rack-and-pinton 
velfime ts mece , \ nstrume the O.5 facter corrects to the cell mid-point The units used are 
INOS ¢ rumen rresPor to sliver thickness 


"| 
Re 
Prev. Keating PLT: 4001 874 [1894 [S2l9 [7362 
Prev. Reading 7276 18720 | 2002 | 7253 | 8099 | 2806 [4455 | 7905 
of coll mmmpoint 5.5 _ 6.5 [7.5 | 8.5 9.5 | 10.5 12-5 Janes 
5 6 7 8 i 12 13 
Roeding 5384 | 6860 [9557 [5219 | 
Prev. 536716857 19553 §217 74041] 1665 952 608 445 5o1 | 
| a5 18 28 i6 
q 425 108 196 128 
— 
as 
Be! 
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nig 
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automatically sorts the data and presents it in a 
form ready for use 

The totals from each counter plotted provide a 
histogram The frequency distribution curve is 
obtained by plotting the percent or fraction that 
each counter reading is of the total of all counters 
Such curves provide a pictorial representation; the 
shape, breadth, height, and symmetry depict char 
acteristics of the variation The most generally 
useful descriptive parameters of the distribution are 
the mean, XY, and the standard deviation, o; these 
are always computed 

Phe form of analysis and the statistical criteria 
to be used depend upon how an experiment is ce 
signed; the design of the experiment dep nds upon 
the information sought These matters of statisti 
cal methodology fall outside the scope of this report 
It is pertinent that powerful methods are at one's 
immediate disposal as a consequence of having ad 


quate data at hand 


Av é Qi 


/ 


, 
Fic. 2. Histogram and frequency distribution curve 
for data given in Figure 1 For the data in the above cas 
relatively little skewness is indicated 


The Minimum Continuous Sample Length 
and Its Subsamples 

\ single continuous length of shiver or roving may 
be used to appraise the unitormity of the material 
in a package. Such a sample must always exceed 
a certain minimum length 

\s continuous samples of increasing length trom 
i single package are tested, the average standard 
deviation calculated for samples of each length in 
creases and gradually approaches a constant value 
The ave rage or mean values for sami ple sof the same 
length differ among themselves The standard 
deviation of these means approaches zero as the 
length of sample is increased. Graphs tor card and 
second drawing sliver in Figure 3 show that the 
constant value is approached slowly in the tormer 
and rapidly in the latter case The slow rate of 
change of standard deviations for card sliver is duc 
to long-term variations which are not recorded until 
isufficient length of the sliver has been tested The 
rapid change of standard deviations in the case ol 
drawing sliver is due to the absence of long-term 


variations; the full range is recorded after the pas 


sage of a relatively short length of sliver 


3 lariances (standard deviations squared 


within and between samples from a single can each of card 


and finisher drawing sitver plotted as a function of sample 
length As sample length increases, more of the variation 
ts included within each sample; the “between” variance 


vecome negligthly small 
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The length of stock beyond which the change of 


standard deviations may be considered negligible 


is the minimum continuous sample length. Results 


from shorter lengths can be very misleading 


Longer continuous sample lengths lend assurance 
that the characterististic values of standard devi 
ation have been approached 

the standard devi 


ation calculated for such a sample is the estimated 


By virtue of this definition 


standard deviation tor the specihe prac kave whence 


the sample came This value is a measure of all 


irregularities, both short and long, within 


bor 


based on 


existing 


the package this reason, the standard devi 


ation the Continuous sample 


length or its equivalent is termed the “within” 


standard deviation 
In the case of the slivers reported here 


that 


ore 


conclude the minimum continuous sample 


and 4 vds 


Data ot 


SOM) lor 


lengths are approximatel vals 
eard and drawing shiver, respectively 
Vose and Plummer [15 


ditions of their test minimura continuous sample 


show that under the con 


card and drawing sliver 


and 100 yds 


lengths tor were appront 


mately 1,300 vds respectivel It is 


reasonable to expeet that minimum continuous 


sample lengths may differ considerably as a con 


sequence of different dratt organizations, different 


equipment, and possibly as the result of different 


eottons It is essential, there tore, to cle termine bv 


preliminary exploration the order of magnitude of 


the minimum continuous sample lengths which 


would be appropriate for a particular set of condi 
tions 

Curve such as those show im bivure 3 yield in 
formation other than the length of the minimum 
continuous sample If curves tor various card 
slivers are plotted, different rates of change are 
usually interpreted as indicating the magnitude 


ind extent of variation present in the picker laps 
from which the slivers were mac The more 
rapid the change the less likely it is that sliver u 


regulanty may be attmbuted to that of the picker 


lap; the causes of short-term variations are to be 
sought at the card 

Minimum continuous saraple lengths are tre 
quently long is in the case of ecard sliver It 
is not always necessary in practice to test the tull 


length of the minimum continuous sample since it 


subsamples distributed 


in turn may be sampled desired result may 


be obtained by testing 


throughout a leneth of stock at least as long as the 
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minimum continuous sample. Thus, several non- 
contiguous short pieces of card sliver, each piece 
being of some convenient length, taken at intervals 
throughout at least 800 yds. of stock, as in the case 
illustrated, are an entirely satisfactory equivalent 
Phe aggregate of several subsamples constitutes the 
the 


test tabulator counters are not read until 


run 
all subsamples have been obse rved 

The length of the subsample is of little impor- 
tance The total number of observations counted 
by the tabulator for the entire test run should not be 
fewer than 30; several hundred are much to be pre- 
ferred. The number of subsamples, on the other 
hand, depends upon the information sought. — In 
the usual testing problem where several packages 


minimum number is 2 


are involved the absolute 
desirable If, 


inise to determine precisely 


are however, occasion should 
the characteristics of a 
the number of subsamples must 


specihic pac kage, 


be increased and may well be distributed throughout 
the entire package In this special case, the num- 
ber of subsamples should be at least in the range of 
30 needed 


from 9 to 16, but seldom are more than 


Variations Between Samples and 
Total Variability 


If several packages are examined, the average 


wetght or thickness of each will differ to some extent 
from that of every other This variation of the 
averages is also expressed as a standard deviation, 
in this case between units of stock 

If the several packages constitute a sample from 
a population, the total variation is the square root 


of the sum of the squares of the standard deviations 


within and between packages This can be 
written 

ou o 1 
where op is the “total” standard deviation, oa, ts 
the standard deviation between units; ¢@w? can in 


practice usually be either the square of the average 
or the average of the squares of the “within’ stand 
The 


is theoretically a 


ard deviations —the latter is to be preferred 


total” standard deviation (a, 
constant for all sample lengths for a particular dratt 
organization and machine settings, et 

Figure 4 shows plots of the squares of the sind 
id the 


ira ¢ “between” 
samples of 


he 


“within” variations behave exactly as in the special 


eviations of ‘within’ and 


variations for drawing sliver 


ay; 
AP 
we 
a 
4 
| 
| 
| is 
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case discussed for Figure 3 The “between” vari 


ations, however, now approach finite value 


greater than zero) as sample length increases 


This residual is the “between” variation character 
istic of the differences between pac kages. 

Data tor the curves of Figure 4 were obtained by 
use of the sliver tester and tabulator Savings 1p 


Pownsend [14 }, by 


and tabulator 


time would result, as noted by 


using the sliver tester to determine 


Data 


sample length would then be 
weighing 


Ow tor a particular length ol sample onls 


for the curve of On 


obtained by samples for each length 


By using equation (1), and the assumption that o7 


is a constant, data for the ¢ are calculated 


Curve 
This proposal has considerable merit, but it should 


be noted that additional 


assumptions are intro 


duced. Values of and so obtained are thus 
subject to greater error than if the sliver tester and 
tabulator were used throughout 

The the 


deviation for samples equal to or longer than the 


magnitude of 


“between” standard 


minimum continuous sample length is a measure 


of the variation resulting from differences between 


units of production 


equipment —-1.e between 


cards, between draw heads, between spindles, et 


\ large 


standard deviation for stock from simi 


or betwee nM pac kage s from the same unit 
“between” 


lar machines connotes a 


large variation between 


these elements Phis ts a concept or interpretation 


quite different from that associated with the “with 
in’ standard deviation 

Although a small total variation is the ultimate 
goal in textile stock, the relative magnitudes of the 
“between standard deviations are 


“within” and 


highly significant in determining operating levels 


and the quality of the product [12,14]. It may be 
expected that the process of drafting will increas 
the 


‘within’ whereas doublings will decrease the 


“between” standard deviations 


Periodicities 


In the study of processing equipment, one is or 
casionally concerned with the short-term variations 
each re 


length of 


These are sometimes obviously periodic, 


peating wave torm spanning a spect 


stock that often can be ascribed to some mechanical 
kor 


vestigations, only short runs need be made and it ts 


element of the production machine such in 


essential to obtain the graphical record It is 


through the recorded chart of these short-term 


variations, not the tabulated data, that periodic 
evident The tabulated data yield 


ties be come 


quantitative and useful comparative measures of 
amplitude, but nothing in regard to frequency \ 
study of periodicities is valuable in the identification 
The in 


terpretation and methods employed in such studies 
8.10 


and location of specific machine detects 


Are thoroughh covered by several authors 


1] 


The tabulator causes the testing instrument to 


“observe” the stock being examined at equally 


spaced points along its length This is a pertodic 
observation \s long as the wave torm of the stock 
is aperiodic or as long as the ratio of the observation 
interval to the wave length of a periodic variation 
is irrational, the d ita compiled by the tabulator are 


satislactors kor practical purposes the tabulated 


While the 


observations 


data remain entirely acceptable [7 


choice of a uniform spacing tor th 


admits of theoretical objections, the probability ts 


small that the observation frequency is exactly 


equal to or is an integral multiple of the wave fre 


quency in the stock. Furthermore, in usual ap 


plications of the tabulator, tests are replicated so 


that observations may be made at different parts 
of the wave 

Drafting waves have been the subject of a great 
deal of 


here 


investigation [3, 5,6] They are of con 


cern because unless the observation interval 


150) (74 
Mr 
gi. | 
/ 

fs 

= 

x 
x 
S 4 
f 

- — 
« sas Tp ¥ 
SAMPLE LENGIM, Fords 
4 Fic. 4 Finisher drawing sliver vartances plotted as a 

ie function of sam ple length In contrast with dala srowr i 
delivery The “between” sample variance, now ap 
x proaches a constant value which 1s significantly greater Po | 
than cero and which ts not negligible; this residual indi 

i cates the variation between packages. Total variance, “> _ 

| ia 
RA 

2 


drafting consecutive ob 


be 


this does net 


is longer than the wave, 


statisticalls 


tical independence except in the case of short-term 


servations will not independent 


ven so, ir to vuarantee statis 


Variations Longer waves of varving amplitudes 


are present in most instances kivure 5), so that 


rigorous statistical independence is seldom, if ever, 
realized Even though it is true that failure to 
secure this ideal of independence inposes sever 


restramts on formal statistical procedures, experi 


ence shows that these limitations are of secondary 


practical importance 


Machine Performance 


It is frequently useful to appraise the perform 


ince of the machine produc ing a sliver, roving, of 


That the 
the 


always 


the 


varn drafting operation 


ot 


creases “within” variability stock 


is 
axiomatt the untiormityv cannot be improved in 
the absence of some leveling device hor this pur 
pose, minimum continuous sample lengths of stock 
are required tor the test samples 

Vose and Plummer [15 | have suggested that the 
difference between the squares of the coetticients of 
variation of ine and outgoing stock provides a meas 


of machine 


ure performance Phey propose 
“Damage | | 2 
where |. and | ire the coethectents of variation of 


It 


provides a measure of the 


the outgoing and incoming stock, respectively 


is seen that 


Variation increment introduced by a machine 


13 


ingomng stock adjusted for the number 


the use of the ratio ot the 


Pippett 
of the 


ol doublings to that observed tor the OutvOnY prod- 


Phe ind 


which these 1 


uct values from 


are obtained Are those observed 


insamples of “equivalent” length This procedure 


has serious shortcomings, the 


that 


most serious of which 


is the observed ranges, and hence the ratio 


obtained, depend upon sample length and therefore 
do ot the 


machine \n index characteristic of machine per- 


hot provide a constant characteristic 


formance when minimum continuous sample lengths 


are used mav be obtained in the following THAN eT 


Each individual strand of sliver or roving ted into 


a machine is characterized by thickness, 


im «averayve 
A at standard deviation, 7 and a cocethcient ol 
variation, | 100 lt there are V doublings 
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f 
Shiver 
| 
Dui 


/0 20 3 40 OU 
EST RUN 
/ 
/ 
(a top lots f verage thicknes for 
ntiguous 30 lengths of card, first drawing, and second 
lrawing sliver thr ita complete package 
b) (hottom of ti frequency distributions of 
measurements of ess om é t J-in. antervals for the 
i cans of sliver shown in (a) The curves are superim 
posed so that the averages coincide; C, B, and F identi 
card, breaker drawing, and finishe raw slivers 
es pective 
re 
The reduction in amplitude of the lo» 
shown in (a) ts the result of doublings 
fevialions the urves 


Be 
be 
4 
[ Breaker Drawing Sliver 
Min 
” L 
in 
; 
1 
| 
4 
| 
. ird, first, and second drawing slivers, respectively, which 
aN not shown must, therefore, have increased in magnitude 
luring this process; the “within” standard deviations 
pee hased on 30-vd. sample lengths for the above slivers are x2 
a 1.8, 1.9, and 3.2 for card, first, and second drawing sliver, Bey 
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at the machine, the aggregate input stock is char- Values of this ratio are always less than unity in the 
acterized by an average thickness, VX, a standard absence of some smoothing mechanism Values of 
deviation, ¢,v.N, and a coethcient of variation PR close to unity indicate that the machine is pet 


forming almost as well as the imaginary pertect 


\ ov 100) a 100 device; small values of PR indicate that the ma 


ANN chine is introducing irregularities and that its per 


formance is inferior to one exhibiting higher values 

If the same back stock were ted into i pertect dralt - oh 

In applying this formula, coefficients of “within 

ing mechanism, having a dratt D, the outcorming . 

variation should be used because “between” vari 
material would be characterized by an average 


thickness, VY D, a standard deviation, D, 


and a coethcient of variation, 


ations are a function of the number of doublings 


ind not of the dratt mechanism 
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Conversion of the Saco-Lowell Sliver Tester 
to Electrical Recording * 


Ralph A. Ruse: 


Rix ENTLY, progressive cotton textile manage trom the readings shown on the meters \ll of the 


ment as well as mill personnel have been aware more — devices described im the literature are complex, in 


than ever of the importance of quality control in mill varving degree, and only a few are readily adaptable 
operations. Possibly this greater emphasis on qual to the Saco-Lowell imstrument 

ity control is due in part to the influence of World The present paper describes an instrument which 
War Ii, which has caused more widespread huving — replaces the usual recording chart by a series of elec 
of textile products on customer specifications. One trical contacts over which the recording arm passes 
manifestation of the increased in accordance with the thickne of the sliver Credit 


demand by industry rese; 


ment of more rapid methods to 


roving uniformity as a meat 


ty of cotton biber SOCTETY Charlotte N ( ptember, 
1943. The tabulator described in this paper and the 
Equipment ‘Kendall tabulator [3] embody several distinct in 
Numerous methods of effecting savings of time and. provements and features. It 1s felt that this tabulator 
making possible the rapid evalu moot uniformity system provides about the simplest and least expen 
of slivers and rovings have been described and dis ive method of securing and organizing large quanti 
cussed in the literature. Mechanical [4.5]. electrical tes of good statistical data. The combination of the 
7 | photogray hic 11. 2 photoelectru ther tabulator and commonly used Saco-lLowell 
mal [8], and other methods have been reported. At trument would therefore provide a powertul ana 
example is the application to a co-Lowell tester of — lytical tool, easily within the reach of Is and Tale 
an electru integrating circuit devise by Vowse al d ratories throug] out the country 
mstrument uses watt hour me Saco-Lowell sliver tester probab the n 


mistrument designed to measure 


otf a continuous len 


provide a permanent record of the data by means of 


1 
rtr P cimila 1 conventional strip-chart recorany \ 


aco ] owell tester has beer neciified at the Southern 


“a 
youthern Regional Research Laboratory.+ New Orlear Louisa 
Abstract 
i 
Lhe theory and mechan i verting a Saco-lLowell shwer tester from a graphic-recording 
ae iistrument t re records by means of electrical counters are described. General design of a3 
F 1 
ae the equipment is discussed and | towraphs of the machine are included Experience with the eos 
ay converted instrument since March, 1949, mdicates that it provides a worth-while improvement m 4 
swceuracy aml) anal the umtfornnuty of sliwer and heavy roving 
4 
k 
4 
| 
rel e agevelop or the omgimal dest conce this 
: Mee rch) for the develoy for t rigi esign or concept for this is believe 
for measuring sliver and to be due to the Research Laboratories of Kendal 
proving the qual Mills; the instrument was deseribed at meeting ot 
a 
by 
ter to integrate the mm thicknes averaye trument most used tor determining the 1 
anid tandard deviatior ire romerchately shiver and 1.5-hank and heavier roving it 16 at 
pre inl 
Phe miention cf trade eraducts does act teen ey 
pes 
t the laborators t the Bure t Agr tural } } | 
Levon: Yesearcl aborators and sinmee the 
Industrial Chemistry, Agricultural Resear \dministrat ‘ 
S. Departs i Agri verted tester has proved very useful in the Labora 
7 


tory s textile research work, tts 


will be described with the idea that it may ard in the 


neremental length of shver or roving measured, anc 
t Se] irate nethod tor neasuring a constant mere 
nent for reference purposes. Other useful features 
are an automatic electrical knock-ott motion ana 
oltage stabilization 
The Saco-Lowell tester ts a con paratively sin] le 


device that subjects sliver to a predetermined pre 


sure incl measures the thickness ot the compressed 
sliver in terms of .OOL in. In operation, the sliver 
is passed between a grooved bottom roll and a wating 


top roll at a fixed speed of 1 yd. per min Phe top 


roll is said to exert about 1,000 p.sa. on sliver and 
2,500 p.s.i. on roving by means of a compoune 
} 


system and weights. Movement of the top roll in 


response to variations in uniformity (compressibility 


actuates an arm on which is mounted a capillary pet 


motion of 1 im. per in. of sliver or of 3 in. per yd. of 


sliver This chart ts graduated lly in thirty 
l-in. increments, marked = 1 to * 15 from a com 
mon center line It is customary to test 30 in. of 


sliver at the slow chart speed ind 20 yd f shin t 


Converting the Saco-lLowell sliver tester consists 
essentially of substituting electrical counters for the 
graphic-recording system. Certain theoretical cor 


siderations were the starting point of the adaptation 


he electrical conversion is a com 


The bas part of t 
mutator system that replaces the strip chart. Let it 
be assumed that the thirty .1-in. chart spaces are 
replaced with 30 insulated bars of copper, and that 


each bar ts connected to its individual electromagnetic 


Mechanical Considerations 


Construction of such 


thickness 
would no ii isured because 


contactor 


ib 
veneral constructor quency of making the crreuit and the length ot tin 
the circuit 1s allowed to remain energized 
Si search tor improved methods of evaluating sliver and In the operation of a svstem of this description, as BG 
ae heavy roving the sliver passes through the tester the contactor maa. 
Che Southern Laboratory's instrument has a fully point would move up and down the copper irs ou 
Ca the timer completes the electrical circuit the counter TH Soe 
connected to that copper bar on which the porter oN 
. was contacting at the moment would registe It, tor aR 
example, the sliver was moving at 1 vd. per min. and ae 
_ the tumer was set to make and break the circuit 36 | - 
times a min., the sliver would be measured m 
ae 
a number of practical mechanical considerations 
Firstly, the insulating maternal between the commu 
a tator bars must be adequate to prevent electrical a 
: flashover and must also be thick enough to prevent ae 
{ | 
he bridging of two bars by the contactor point. 
ee. the other hand, the thickness of the insulator governs ay 
oS Phe pen in turn marks a strip chart that has a linear to a large extent the sampling response of the appa ms 
Should the bars and the insulators be of the 
A 
“igs the cireurt would be 
one-halt of the time with the contactor o1 
insulator. Using thin insulators and an extremely 
: the fast chart spee pomted or a wedge-shaped Him would increase 
sampling response, but the general wearing quality 
Theory of these parts would be seriously impaired 
To further complicate construction the tuning 
eet interval must be a compromise between a very short Rie 
a time to allow the moving contactor to energize onh Fe 
counter and a longer time to give the required 
umount of electrical energy for the electromechanical 
counter 
ee Phe ideal counter tor this application was found t :: 
is he a unt of small dimensions with an electrical reset Al ae 
saa countet \ssume further that the conventional capil three tvpes: (1 mall, non-resettable, low voltage ear bi 
lige larv pen i replaced with a suitable contactor pot 1) telephone type, costing about $12; (2) large qe 
It these parts can ln arranged in an electrical cir heavy. electrically resettable, 110 volt or 
/ cuit in such a manner that the contactor will be pow costing about $35; (3) small, non-resettable, 114 : 
ered t predetern ined mtery ils, that particular volts A.C... costi about SO \lthoug! it 1S high] 
ine counter which is connected to the copper bar on desirable to use the resettable type of unit at I thereby a) 
@ which the contactor rests will be energized as long as ivoid the possibility of operator error In COpyiiig : ; 
oe the contactor remains on the bar, or until the circuit ind subtracting 30 sets of multidigit figure the last | 
is broken by external means Let this external named counter w selected for the RRI hin 
as means be a timing device which controls the fre on the basis of re and cost 4% 
§ 
1 


x 
ty 


> 


Construction wcept to remove the chart, chart plate, and windup 
, \ ' , table. and to cut down the size of the top plate hold 
bigure l vives an tdea of the venera the 
Vet my the knurled-tretion roll-chart drive 
parts The counter ine mht with 
Reterring again to Figure 2, a machined stec plate 
associated relavs and switches, are 1 | 1 
: is : Is fitted on top of the tester to provide a flat surtace 
box behind a 12} tandara! relay rack 
ior mounting the commutator bars and eccentriu 
steel panel top the ver tester can eet 4 
; ir Phe latter parts are fastened to individual steel plates, 
thre part that have repraced the nventty il chart 
which m= turn are screwed to the tirst large plate 
recording mechatus } ! 
this means. the bars and eccentric car ” MOTE 
Figure 2 shows the top of the tester hie " } } 
' ; = iceurately located parallel to each other and to the 
tactor pont, commutator, adjustable eccentric, vard contactor point The contactor pomt is adjusted 
age counter, a the 33-wire cable counters, | its horizontal axis until the contactor deseribes 
common ground, 2 line) going to the contro proper are on a flat surface on the conmiutator 
barn are seen bars Che error introduced the are of the pen 
\ rear view of the apparatus (Figure 3) shows arm causing the contactor to traverse a longer path 
the Wirth lavout the counter ind the external on bars 15 t! inion bars ] has been found to be 
variable speed device The tixed reference neghgtble Jt should be noted that the let uth of the 
timer as built-in under the shiver tester proper. and pen arm is designed for the dimensions of a specific 
is concealed by the sheet-metal enard adjacent to the commutator assembly; in this particular installatior 
lett leg Rubber casters taciltate movement of the itis 1O} Should thicker bars or imsulators be 
equipment aro d the null utihzed the pen arm would be longer ind viee versa 
comstructiot the tor thinner ones 
laneous mechanical parts is an plieate An eecentri rod regulates contact pressure on the 
Littl: change is necessary in the original sliver tester copper bars, while a small piece ot 


PexTice Researcu JouRNAL 
| 
| 
1.) Converted slaver tester, shown yoneral layout of the counters and assectate equipment, 
| 
4 
me 
ae 
was 
|. 


Wes 
7R3 
itt 
mt 


placed hack of the cont icto 


por 


and out-movement of the 


tric adjustment less 


at 


fountam pen has proved very 


tactor port 

The reterence timing ¢ 
2.3 in. of shver, is drive 
added to the sliver tester 
cl 
Considerable ditheults 
ny the external vanable 
shver over the wide range 


and lengths. Sinee 


«tll 


W 


the 


of US sec could not be obta 


to strike directly on tl 


mecl itlistl) Was devised wl 
balanced pivot bar, which 1 


} 


is 


tanad 


\ ch 


allow 
make 


scarce 


small in 


the 


eceen 


d ball 


atistactory tor the con 


The ci 


ose a sensitive snap-switch for 


encountered with tim 


pernut measuring 
2-, 3-, 4-, 6-, 12-. 
mterva 


cestred timut 


spring, and the spring releases t 


with the same degree ot { 


tional speed of the cam 


appearance of this device 


like 4 


switch 


the ca 
nap 
rdless 


plung 


m strikes 


TESSES 


allowme the cam 


eer, a 
al 

i 4 nt 

switcl 
rota 


\ sumphhed block diagram ot the ay 


sented im Figure 5; a schematic diagr 


trical circuit is given in Figure 6 


Phe use of non-re settable counters is 


one other modification of the tester 
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Tac ihitate d by 


The clutch that 


normally shifts the chart speed is modified to trip 


vae 
oat ane 
+ 
| fre jram of 
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if Fevternal timer woth spring-actuated 
| 
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Results 


ELECTROMAGNETIC | Kperrence with the converted slive tester at the 
counrens 


ae Southern Regional Research Laboratory since March, 


weremence operator can copy the totals trom the counters and 


compute the mean, standard deviation, and coefhieent 
) f 


of vanation of sliver unmformity in about two-thirds 


} } } 
ott wires ) suriny 
4 . Ay eutesun the time require r measuring the points on a 
i \ strip chart and making similar statistical computa 


Panty) tions | sing re settable counters would further de 
f ) 
Ps crease operator time tor this method Lhe time re 
’ | quired tor running the sliver through the converted 


<- | tester or the conventional tester, however, 1s the 


TESTER 


woros 8.7 \ mayor advantage ot electrical recording is the 
} 


ger number of sample points available for statis 


tical. treatment The standard chart svstem uses 30 | , 

points in 30 in. of sliver from which to compute the 

“average variation per inch,” and 20 pairs of high 
low points in 20 vds. of sliver to compute the “aver 
age maximum variation per yard.’ With electrical 

recording, up to 1440 points can be used for deter : bf 

mining the uniformity, meluding uckness 

TRANSFORMER average variation from the mean, standard deviation i i 


from the mean, and coefficient ot variation of the 


sliver or roving. Moreover, the variable of operator \ | 


Vea judgment in measuring a graphic record ts eliminated | 
=) 


Conclusion 


| 


— 


ac Line * 
‘ The converted sliver tester used at the Southern 
ras Regional Research laboratory, for more than @ Veal 
on textile research applications has proved to le i 
ap-switch so that the counters will not register 4 
P worth-while development. It is beheved that an in j 
until the clutch lever is thrown to the proper position 1 ; 
strument of this tvpe would be valuable in the field 
hsengaging the clutch disconnects the counters ane 
' of textile production, and that this general technique 
Makes It possible to change the sliver or to make a 1 1 ' 
5 of electrical recording might be applied iivanta 
machine adjustment without disturbing the counters, 
geously to other testing instruments which provide i 
the main advantage being that the last set of feures 
7 > data requiring standard statistical treatment j Ht 
copied from the counters at the completion ota test , 


e frst set of figures tor a new Acknowledgment 

test, thereby decreasing th vosstbiliti of op or 

perat The author wishes to express appreciation to Mr 

; . John P. Elting and associates of Kendall Mills for 

The knock-off motion is devised from a rotary 


discussing their instrument, and to 


lion ounter na sinall snap-si h ou 
digit counter and a smat!l snap-switch The counter, Copeland, Instrument Maker of the Southern Re 
which is installed on the chart windup table, is driven Re h L.aboratorv staff. for his skillful cos 

LCs POTALOTY Stat Or His Con 
to register in tenths of a , 


vard \t the completion of 20 yds. the switch dis 


connects the electric power and stops the machine, Literature Cited 
thereby permitting the machine to operate unattended 1. Anderson. S. ] Cavanev. B.. Foster. G. A. R ind 


Grenory, Fext. Inst. 36, T191 (194 


tor the 20-miuin. test interva 


785 
10008 1949, has shown that a skilled calcuiating-machine 
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“Orlon” Acrylic Fiber: Chemistry and Properties*® 
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Proncering é fron, Ku n iechn j / / fa \ wes 
ENTENSIVE RESEARCH and deve pared to other vn polymers tor their msolubility 
ee | opmert on fibers from polvacrvlonitrile, the du Pont nd resistance to swelling m common organic sol if 
: 
minced it t lee vert taet. perhaps more than any other. pre 
perhay than any opr 
q fiber products based upon this ented their early exploitation im such fields as plas ae 
ORLO Vas pled te tics or synthetic textiles In one school of tl whit # 
‘ wrs produced wholly or in sub this imsolubility was attributed t i cross-linked 
rvlonitrile Manufacture will tructure In others this propert vas associated 
nt now under construction at with strong, secondary mterchaim forces Phe work 
( hina.? It ts expected that pre Marvel [3, 11] and coworkers on the relation of 
sted durit the latter part of hvdrogen-bonding forces in polymers to solubilitv in 
polar monomeric solvents tended t upport the latte 
q vill thus take its place a 
important grou Stimulated by the concepts of Mary ur initial 
‘ nthetr work was directed toward the finding of highly polar 
ind several fiber ed on vinvl rgamic molecules which might be sufficiently strong 
} droge hoor ny t bre ik up the inte rchaimn rorces 3 
product act triie ire prestimed to Exist wit nthe potviner itselt 
| hey } ( er root Che earl vears of our work were devoted to a broad, 
> 
fundamental progra relating to the solvent power 
\ ] tempt to esta ish the under Ing principles t solu 
\s a result, a large number of solvents | 22 
e beer SCOVETE in our laboratorres: these 
a 
a 
ig 
ai 
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represent several classes of organic pounds 
These solvents have made possible the manufacture 
of polyacrvlonitrile fibers 
Concurrently, work was also devoted to the prac 
tical problems.-related to the s] ning of textile fiber 
from many of the various polymer solutions at hance 
: latter work had progressed to the pomt where 
m 1942 experimental sal ples of the ew fiber prod 
ucts were offered provisiot ally tor certain cla ed 
nulitary appheations. This work expanded and pro 
: rressed actively during the war on the basis of mil 
; tarv uses. However, after the cessation of hostilities 
the more conventional textile uses for the fibers begat 
to receive increasing attention, with still further 
broadening of our development activities, which cul 
minated in a decision on the part of the Company to 
enter mto the large ile manutacture referred te 
above 
Subsequent to the end of the war, 17 


disclosed that the | Farbenindustrie had also 


in the field 


active of solvents tor polyaeryvlor 


subject of German patent applications which 


heen 


led but kept secret during the wat 
these documents do not indicate a recognition 
severe structural limitations on solvent comyx 


r properties 


were 


found which could not have been predicted fron 
earlier background work CTs The 
ught to light gradually throughout the « 


prograr 
This paper deals with solvent with the che 
ot polvacrylonitriles, and with certam 


well as in that of fibers produced thereby Mar 
the same solvents which were discovered in our | 
ratories and later disclosed in U.S patents were 


had 
Hh wever 


ot the 


fiber has been reported elsewhere | 10 
scussed here Since the ticles re 
cont much 1 rat the phy 
ind the dural characteristics of 
Solvents 
\s whit have bees expect l tre 
polvaeryle trile was iong considered 
pletely msolulble none oft the tore col 
solvents which are norma sed for 
as hvdro« Ss, ester ether 
were tound to be effective Llowe 
O ubtlity test n which se 
organic compout Is ay nuture vere 
large number of compounds bear 
tional groups were found to have solve 
olutior once formed exhibited chat 
t th st ol other 
tended to show unliunites lubility 
vere viscous; and ma of tl lut 
versibly on cooln » that fluid sol 
obtained heati these 
other } ped artich | 
the well-ka ‘ oratu 
by coaguiat the ‘ ib] 
In Table | are listed a fe renoresenta 
of the { solvent vest te 
course of this work Listed als re 
related nonsolvent Ww 
tructural tactor involved 
Dimethvlsulfone and eth 
olvent where the nd 4 
methvlene gre chet} fore 
t evidet Ira tl ‘ 
tron erous others, that the active « 
Cat he con we tl ent 
certay oOunt of mactive iter 
carbo residue hut that whe thr 
cer ent power ] t 1} 
great ny comy 
con ds. In the rit 
erance for methylene grouy high 
the open-chain compound oweve 
on exceeded, because if two 
tituted on the ring a1 Ivent re 
than one ol ovenic ure pis pre ent 


ind ts x 
rrea te 
il properti 
ly 
| here 
the tact that 
to be com- 
no types of 
mer uch 
ind Ketone 
Tit the 
il thon ind 
tries fairly 
11 
he 
teristic con 
Lhe \ 
the 
ns t 
torre 1 
j vents. of 
! 
ol se eral 
duru the 
everal ose] 
+} muting 
‘ re { 
one ore 
the 
a 
Ve 
wlecule wath 
uch as hvdro 
nount is EX 
lerar 
traight-chan 
olane the tol 
than it is in ae 
thi nit 
ips are sub ie 
If more 
the ecule 


Vv ot 
ibo 
alse 
did 
eet which are discussed in the present paper Many 
fey compounds which are certainly nonsolvents had been 
ve disclosed in the Germat patents as solvent 
t \s Our early work, as pomted out above Was Col 
Se cerned with the search tor mert, polar, organ 7) 
vents which would dissolve polvaervionitrile 
er dictions based upon the probable structure of this 
polymer, together with its } own hig inelting 
likewise stimulated this searcl The success of this 
1 
Pas study of solvents has more than satished our earh 
expectatio not \ were thie expect 
fiber properties re ilized but also new. uw 
expected, and mportant ihe late? 
nour 
have 
ourse 
7 
«| 
and 
as, physical properties of fibers prepared from then a larger number of carbon ato can be tolerated t tes 
Work on such subjects as polvmeri enivent oower i« lost Chi 
rk on su ibjects as polymerization of acryl hetore power istrated b 
nitrile and fields of application for Orlon acrvli ethylene 1,2-lns(ethvisulfone) however, fonal 
He} at 
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FABLE I [22-36 SOLVENTS AND RELATED NONSOLVENTS FOR POLYACRYLONITRILI 


Solvents Related nonsolvents 


hy CHSCH [hethylsulfone swells 


) 


Diallvisulfone CH CHCH,)S 


—-CH HOCH »CH.SCH.CH.OH 


Dimethylsulfoxice CHYSCH Diethyl ilfoxide C.H,SC.H swells 


lTetramethy lenesulloxic CH CH n-Butvimethvisulfoxic 


Dimethvilorma HON(CH Formamice HCNH 


HCNHCH 


Dimethylthiotormamice HON(CH 


CH;)NC=0O Dimethvloxamice CH\NHC ©) 


CH,.NC=O0 © 


etramethvlurea CH, sNCN(CH 


CHYOCHLOCN (CH CHA 


5 


4) 
CH.OCH.CNH 


He 
0 
4) 
Oo 
Sultolane CH, 3,4-Dimethylsulfolane CH.—CH-CH—CH 
aa CH, CH CH, CH 
i 
Ethylene 1,2-bis(ethylsulfone Sulfonal CH SO.C.H 
Hydroxvethvimethylsulfone bis(2-Hydroxvethyl sulfoxide {) 
= 
a CH, CH CH,SC\H 
iy 
id 
Diethvltorma mice HCN(C.H 
| 
hig 
‘ 
aN 
\—CH 
CHA ) 
3 


CH 


Phenylenediamin f 
1,6-Hexanec 


Solvents Related 1 Iver 
H 
1 

HCO 

2-Oxazolidone CH. -NH thyleneurea CH, 

nae 
CH C0 CH, C=O 

NH 

CH CH 4 CH 

CH CH | 
\ 

\ 
fal 

f 
Lan 
Nitrophenol mand ¢ OH Nits phen | OH 
NO 

ibe 
NO 
CN 
Succinonitrile CH \cetonitrile CHLCN well ; 
CN | 
if hi 
Malononitrile CN CN 
CH CHCH 
CN 
e,a-Dimethylsuce nitrile CN 
CH 
NX. 
CN 
CN 
Adiponitrile CH Suberonitril CN 
CN CH 
CN 
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PABLE |--Continued 


Solvents Related nonsolvents 


HOCHLUON Methoxyacetonitrile CH OCHLCN 


-H prop rile HOCH.CELON Methoxypropionitrile 
»-Hydroxvpropionitrile CH.CHCN (swells 
OH 


Hydroxvisob " le CH OH 


( 
CH CN 
14 ‘ are 
CH 
CH 
N 
Methvlenedithicc vise te SCN Methvithioevanate CH 
CH SCN 
| \ 
hate SCN Hexamethyvlened Vanate SCN 


SCN SCN 
rCya ‘ NCCHLCNE 


CH ( 0) Propyvlformate HCOCH.CHLCH 


CH () ) 


\: 
CH 
iz 
CH 
CH 
S 
a 
CH 
CN 
Fumaronitrile CHEN 
NCH 
a 
if 
4 
— 
4 
3 
CH CH 
a 
cH 
Bis. 
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PABLE I 


Solver 
NC(CH,)S(CH, CN 
i) 
\ 3-cvanoethyl CH 
HCN 
CHLCHLCN 
the effective ratw | s heer exceeded nd the es 
pound is a nonsolvent of a hvdroxvl 
group for a hydrogen ato rated, In get 
eral, sulfoxides behave similarly to sulfones, as illus 
trated again by dimethylsulfoxide and the nonsolvent 
dhethylsulfoxice The hydroxyl group does not ap 


pear to affect the carbon tolerance, since in bis(2 
hvdroxvethv!l) sulfoxide solvent action has agan 
been lost \s with sulfones, carbon tolerance 1s 
greater in the sulfoxides contaming rings, exempli 
fied by tetramethylenesulfoxicde 

The same principles of carbon tolerance and of ring 
compounds apply to the group of formylamines 
Dimethvlformamiude is a solvent ; diethylformamude ts 
not. The need for complete substitution of the amide 
hydrogens is illustrated by formanude and also by 
methvlformamide, which are nonsolvents. That sul 
fur can be substituted for oxygen is exemplified by 
dimethylthioformamide 

It is seen that nitriles of certain structures are also 
solvents \cetonitrile exerts a swelling action on 


at very high temperatures. The short-chain aliphatic 


dinitriles, however, are solvents malonomtrile, 
succmonitrile, and adiponitrile In suberonitrile the 
limut of carbon tolerance 1s exceeded and solvent 
action 1s again lost. There ts reason to believe that 


the active solvogenic group in this series is the 

CHCN group. For example, methvimalononitrile 
and dimethvlmalononitrile are not solvents, while suc 
cmonitrile and glutaronitrile are \ solvent contain 
ling —-CHCN groups, 


is illustrated by 1,3,3,5-tetracyanopentane. Other 


ing four nitrile groups, inclu 


nitrile-type solvents have been found in compounds 
with oxygen or sulfur substituted in the chain 

for example, bis(8-cyanoethyl) ether and bis(B 
} 


cyanoethyl} sulfide. Again, the introduction of un 


saturation (the ¢ C double bond ), as mm fumaroni 
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A 
edt ve 

trile, has little ettect However n conjunction with 
the mitre group, the hydroxyl group has solvogenic 
wtivity, as ilustrated by hyvdroxvacetonitrile Lhe 
methoxy group in this case is not effective, as shown 
by methox vacetonitrile i nonsolvert Lhe hyvdroxvl 
group ts ilso. effective on the B-carbor as n 
hydrox yvpropronitrile \gain, etherification destroys 
the solvent power (ther structural etfects are i 


lustrated by the fact that a-hydroxvpropionitril 


(ilactonitrile) oniv swells, ar by the nonsolvent 


a-hydroxyvisobutyronitril 


Ihiocvanates behave somewhat simulariv the 
nitriles The first member, methylthmcvanate, ts u 
effective. but the addition of the second thiocyane 
group, as m methylenedithioevanate, produces a sol 
vent. Carbon tolerance limits here are ilustrated by 
trimethvienedithiocvanate, a solvent; higher men 


bers of the series are inettective 

The unsubstituted amide group, although usually 
inetlective, becomes solvogeme im character m con 
bination with the nitrile group, as indicated by evan 
acetanuce Many other combinations of these grouy 
are possible Iwo further ilustrations of such a 
combination are the compounds bis(4-cvanobutyl) 
sulfone and 

In certain evelic oxyygen-contamimng compound 
such as y butvrolactone the canine principles apply 

Che nonsolvent effect of o-mitrophenol, in contrast 
to the solvent effect of m- and p-nitrophenol, prob 
ably relates to the Inmolecular chelate ring torma 
tion in the former [1], rendering it less able to bond 
with polyacrylonitrile 

H. Rein [37, 38] claimed that concentrated aque 
ous solutions of certain inorganic salts, such as 
lithium bromide, would dissolve polyacrvlonitrile 
These, however, were found not to be useful, be 


CAUSE polvacrvlonitrile could neat recovered trom 


q 
| 
“a4 
4 
ig 
: 
: 


792 

them Instead, chemical reactions occurred, which 


ompanied by marked changes in properties 


Vere ace 


plet 
ay 
il 
ous attempts have been made in the past 10 year 
to place the solubility of polymers on a ound secret 
tific basis These attempts range from qualitative 
descriptions Of similarity im structure to theoretical 
thermodynamic approaches based on certain phy il 
constants and on quantities derived from then The 
latter have been ably summarizec i paper by Spur 


It has long been known that similarities 


in the composition and structure of molecules tend 
to render them mutually soluble; for example, ut 

vuleanized rubber is soluble in hydrocarbon vents 
We have seen above that polyaerylonitrile is soluble 


in di- and polyritriles, but not in monomeric acrylom 


trile. Coltot [2] has made a number of solu 


bility tests on such polyn eTs as ce acetate and 


polyvinyleh! 


of specific effects of certain groups within the solvent 
molecule ~ \. noted above olvents tor 1 vacrvlo 
nitrile can also be desenbed in tern oft the ettect 
of specific group \fter a considerable number ot 
solvents have been tound tor a given polymer uch 
classifications are useful in predicting other solvents 
These classifications fall short ot explaming lvent 


theoretical side. G5. and several ot} 


ers have advanced the concept of internal pressure 
or cohesive energy density t explain solubility 
Oualitatively, this mav be described as the tendency 
of molecules to separate from each other Solubilits 
is usually inal where this tendenes tor botl the so] 
vent and the solute are nearly equal. ‘This theory has 
had its principal success explain ition of 
mpolar polymer uch as rubber, rather than that 

polar or ervstalline polymer ce it neglects sucl 
actor is solvation ervsta t ind entropy oft 
eloped relat mshiy hetween the ict t ] 

wric solutes and theu vent lute polymer 
whiel purport take tl ( itte tors 
to considerat t the ct t ensure 
i the deviaty t thre { trow t 
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facult’s law and 
1 
slope of the osmotic pressure 


concentration curve, contains both an entropy and an 


tern \ 


nuned for several good polvacrylonitrile solvents and 


few values of » have been deter 


have been found to be in the range required by the 


This and other theories, in order to be generally 
ipphed tor prediction of solvent ettect, require first 


the determination of the needed experimental quanti 


ties on the polymer solution This, of course, pre 

supposes ha y the solution in hand. From a very 
large number of such data one would then need to 
calculate i! d predict uw Values for other solutions 


Which have not vet been mace There seems at 


present to be no theoretical basis tor calculating, for 
example, a values for an untried solution from data 


a given known solution 


\nother qualitative approach to the explanation 


be made through the concept of hydrogen bonding. 
Chis concept was first applied to the solubility of low 


molecular-weight compounds in 


each other by Marvel 


coworkers, who. studied hvdrogen 


ing capacity both by means of measurements of 


solubility of 


the deviation from Raoult’s law of the 


liquids and by heat-of-mixing measurements 


This has been a useful concept in seeking new sol 


vents for polyacrylonitrile \s will be indicated 
later, the high-melting nature of the polymer can be 


bonds existing between the 


nitrile nitrogen of an adjacent 
that 


to forma solution. Ideally, 


a-hydrogen and the 


chain It is presumably this bond, therefore, 


broken in order 


molecule which has 


then, we should choose a solvent 


i tendency to bond at these two points more strongly 


than two or more solvent olecules tend to bond 
tovethetr Krom the published work on hydrogen 
bonding, plus an examination of the formulas for the 


lab . it will be seen 


the nitrile group would be the donor grou] 


ind-the a-hydrogen of the « ind polynitriles the 
rcceptor Suitone gt are knowt to be electron 
donors ind the a-hyvd ve! re pr ihably the 
ceptors. Far too little is known ‘about hydrogen-bond 
distances and strengths the variety of combinations 
of molecular groupings to permit the forging of this 
concept into a complete theory of solvent effects in 


2 
pressed by | I, 
Theories of Solvent Action on Polymers energy - 
a4 Flory-Huggins theory 
lors wy heor 
ag ie 
By 
= 
linn [20] 
Of solvent action on certain polar-type polymers can 
a 
| 
a4 behavior 
bon he | 
: 
them contain both donor and acceptor centers. For 
. 
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Probably all ol the principals which have bee 
} 


cussed above apply to some « 


icquisition of a very lat 


type indicated a theory of solvent action which 


be generally useful in the prediction of solubili 


havior should eventually emerge. Meanwhuil 
| more rapid progress toward finding useful s 


can be made by direct solubility testing, empk 


any empirical rules which seem to apply 


Fractionation and Molecular-Weight 
Determination |‘) | 


lhe ditterences in solubility between polvact 


trile samples of various molecular weights are 


and this has rendered difficult its separation 
tractions of narrow molecular-wer 
ever, tractionation ot polyacrylonitrile has bee 


cessfully carried out using nuxtures of din 


formamide and heptane 


mer in dimethylformamide was treated wit 


h 


the 
ld 
would 
tv ix 
e, lat 
ivents 
loving 
int 
— 


\ 2 solution of the poly 


the 


requisite amount of heptane at room temperature 


The temperature was then raised to 60°( 


tion of the 


form. After carrving out a rough fractionati 
procedure was repeated on a 1° solution 
polymer 
in Table I] The intrinsic viscosities were 
mined in dimethylformannde solution 


of molecular-weight distribution, but from the 


polymer precipitated out in. gr: 


where 


upon the hydrocarbon layer disappeared and a por 


the 
the 


Data for a typical fractionation are giver 


Fractionation 


Was not accurate enough for a precise determinatior 


similar data it would appear that the distributior 
follows the normal distribution curve. with some 
skewness toward the high-molecular-weight end 
TABLE FRACTIONATION OF POLYACRYLONITRILE 
15.6. PotymMer, 1°, 
Heptane Wi 
in dimethyl fraction 
Fractior formamide 
1 22.3 0.9907 4.35 
? 225 4.9736 158 
22.8 7808 154 
23.4 3.78 
5 1.0332 284 
6 25.0 1.5208 27 
7 5.7 889} 1.70 
7295 1.07 
9 4732 OS 
10 1.2836 93 
| il 18.0706 


O3 
TABLE Ill RELATION INTRINSIC \ 
o M CULAR ror VACRY k 
FRACTIONS 
rac ° 
1 4.048 
4 113.000 
+673 131.000 
4 4.124 77.000 
5 > 7RS 
6 » O96 62) 000 
7 ? 382 69.000 
Ss 1.658 4.000 
1.111 17,000 
*T, 10° 
Fractions obtained im this way were subjected t 


smometric determinations of number-average 1 


il vht via ostonmeter the 
escriber Schultz | 20| were use \Moleculas 
veights were calculated trom the slopes ot the plot 
vs. vhere is Os otic pre re cl 
mecentration Representative molecular-weight data 
ippear lable From the determination of mo 
lecular weight on each fraction listed in the table the 
tants a and A in the equator 
Viiere is intrinsic viscosity and ts molecular 
veight, were calculated and tound to average 0.06 
ud 1.75 10°, respectively Phe molecular weight 
ntrins! iscosity relationship was thus found to be 
In) = 1.75 10°M 
umber iveraye molecular weights have been meas 


whole polymers prepared im various wa 


using several of these, the ratiw of viscosity 


verage to number-average molecular weight has 


heen found mately 2 This is another 


to be approxi 
ndication of approximately normal molecular-weight 
distribution, since on the theoretical curve the ratio 
> 


exactly 2 


Chemical Structure 


Marvel [12] and coworkers have shown by mean 
of chemical-degradation experiments on a number of 
vinyl polymers that the normal mode of addition 1 
head-to-tail That there are some exceptions to this 


lemonstrated by Flory and Leutnet 


ule was recently « 
j. who studied the structure of polyvinyl alcoho 
means of pe niodate oxidation experiments The) 
howed that although the molecule has principally 


the structure of a head-to-tail-addition poly mer sore 


| 
i 


* 
\ 
deter 
| 
| 
+4 
& f 
aie 
Ay 
4 
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head-to-head linkages occur Kern and Fernow [&| which characterizes this material The most striking 
speculated on the po sthalityv «ot head to-tail structures feature is the ditfuseness of the off equ itorial reflec 
vs. other possible structures for polvacrvlonitrile, 1 tions, which ts indicative of disorder along the chair 
cluding that of cross-linking, to account for tts thet axis Che comparative sharpness of the two promi 
suppe ed insolubrlity They considered the head-to nent equatorial reflections (one of which ts the sec 
tail structure to be the most probable, with the insolu ond order of the other) 1s a manttestation of the hig] 
Inlity of the polymer resulting from strong iterchaim degree of order in one lateral direction. The spacing, 
forces between the mitnile groups 3.3 \.. is associated with the distance between pols 

Volvinethy! acrylate and lymet ] ethacrvlate mer chains thre ugh the rutrile group that 1s 
are considered lye normal head-to-tatl 

( ( 

Het Certain ana vith their nit ! 
terparts exist im the behavior of these t yy et A 
on saponification and on pyrolysis. ‘lhe methacrylate —HO—CN 
ind methacrylonitrile polymers are both extremely ( 


ditheult to sapomity, and they depolymerize prince 


pally to monomer on he iting ame 

acrviomitrale polymer on the other hand, are rela ‘ 5.3 A > 
tively easily ape ified by hot ill ili. and 

they decompose on heating not to monomers but to a 


a variety of low-molecular weight cleavage products 


Pyrolysis of polyacrylonitrile at 400° ¢ has given 


? 
small Amounts of low-molecttiar 


little or no HON), which have not been further 
identified 
Some evidence bearing on structure has been ob by il 
tained by means of x-ray and intrared studies on Ag | 
polvaeryvlonitrile Phe x-ray diffraction diagram of 


the polymer indicates that it is unonented und par 


tially ervstalline (Figure 1) The diffraction dia 
gram of the drawn fiber is, on the other hand, highly LW. 
oriented and indicates the complicated type of order ib V3 


| 


vinyt ALCOHOL 


A 

| 
| 
ty 

‘A Fira. 1 V-ray diffractt: satterns | 


1 t 2 | 
vdroxyvl can be exchanged t hydrogen, as t At 3.3 4, the Hl stretel hand ts « nou 
ull ot the specr mchicates similarity Likewise 
it the strets ne band ws con \t 
the strong ¢ stretching doublet in the 
s become single thre polviner probably In 


il ind CH grou ire averaged out \bove this 
Trequency the chvidual band in the monomeric 
. nalogs are complex, probably because there are nu 
merous structural effect indi have not been mdi 
vidually assigned would require careful analy 


igreement with many other observed properties al | sis of numerous structural analogs However, it ts Bee 
with the evidence of structure obtained by tmtrared to be expected that these specific vibration frequen ey 
spectroscopy From the standpoint of solubility, the oes in the monomers would become averaged out 1 + : 
; observed low degree of order im two directions is | a long polymer chain, resulting in the smoother curve j 
probably fortunate, since such a high-melting poly (top) observed tor Ivacrvlonitrile Phe umdents 
mer should prove even more difficult to dissolve hed doublet at 9.3-9.5 4 m glutaronitrile (bottom) 
deeper becomes less lex (sn ole and shiits 


slightly to the lett, gomg through the more complex 
> 


ash analogs to the polvines The bands at 13.2-13.6, 


could be CH. twisting analogous to propane Lhe 


3% indications are that by far the major proportion of 
2 40 evrane the polymer is a product of the simple 1,2 head-to 
§ tail addition which has been postulated 
here are some mdications of the « tence of 
wipe 
Weal } ! 
3° (Orne that it 1 requenth mewhat vellowish 
40 s tha req ‘ 
color, whereas the normal he idl to-tarl hnkayes the 
20 ZICYANO PENTANE 
| eretically cannot produce trong absorption im thre 
j sible region of the pectrum \nother is that the q 
nitrogen content of the polymer ts usually newhat ks 
below the theoretical 26.4% Kern and Fernow [8| a 


they reported actually finding some HCN. In ana 
¥ ii 


WAVE LENGTH - Ae lyvzing polyacrylonitrile, it has been found necessary 


hye: 
Pye 
Novewnber, 1950 705 
“4 Under annealmy conditions a_ reflect: corre Some information has been obtained on the struc HED 
sponding to the second lateral direction can be ce ture of polvaerylonitrile by means of infrared al iE 
1 tected in the x-ray diagram. Because of the presence sorption spectra obtamed on transparent films of the Boca aN 
a of an asymmetric carbon atom in each unit of a vinyl polymer. In order to assist in the interpretation of 5 ee 
ia polymer, there must be a ligh degree ot chsordes the resulting curves, certam structural analogs have ges 
Bet along the chan Phe amount of disorder which car been synthesized and their spectra compared with the Aste 
be acconmnodate in a erystal lattice depends upon pectra of the polymet Lhe curves are shown 
ervstal lattice The phenyl group in polystyrene « cause the ¢ H effects in a multiplicity of CHICN 
oer y ceeds the size which can be titted into a latties 
random and this polymer is entirely ai orphous 
While the nature of the x-ray diffraction 
does not permut much more to he learned about 
se structure of this polymer, the above facts are im ¢ 
| 
60+ 
Por vACRYLONITRILE 8.0 band may be CHOON bending \t any rate 
| “CH-CHp-CH- these are other complheated regions which become 
more simpliied in the polymer. While more intra 
Sees go: red data would be desirable to establish thi int F i" 
TARONITARILE ratte npted to account or the 1 roven conte t 
20+ the splittmg out of HON during polymerization, and 
Sh 
ne 
ti rv tl very aretully, sine it bsort 
Fic 2 lufrared thsorption spectra f pe iwcrvlo ty to ary Cat 
und low-molecular-weight analogs to < momsture very rapid y from laboratory 
thot 
4 
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air of moderate humiudits 
of total water absorption 
Fernow may not have recog 


1 


account, at le ly, for thes 
ues. In the w 
HCN were 
not been adequate 
content by a dehydrocvan 

Kern and Fernow 
that other types of 

of the fact that on 

+ of the nitrogen could be recovered 
Experiments in our 
that the nitrogen found in the polymer 
or Dumas analyses can all be recover 
by long bowling with 
solution it doe 
unsapomifiable 
However, this evidence 
the possibility that a 
linked in some 


nitriles 


Color Formation in Polyacrylonitrile lenoth of tio 


Orlon aervhe hil ufactu “ initial reaction stoichiometric relationship 
is White in color ried tat niet nine between the number of cl cit 


1 
po 


polymerization, mn iN} ‘ tat its are shown in Figure 3.) From the 


vacrvionitrile | lowtsh n during d the quantity sodium hydroxide 


Color formation vielded si ine this relationship, together with certan 
mation about tl 0 oloration in solu derivations by Montroll and Simha |1 


is accelerates ating L by t res neluded that a random chain-scission reacti 


oxveen from the mert atmospl uch st It has been calculated from the molecu 
as mitrogen, color formatio Is mor wy lar weight of these polymers that approximately 1 to 


The molecular weight of ecules of sodium hydroxide are re 


jure 
while polvaeryvlonitrile varns are scission of one link in the polymer 
stable to molecular-weight degradation on — ments of this kind, as many as 300 bonds per polymer 


heating \t room temperature th ch molecule have been broken. ‘this numbet 


methylformamuide little or ular-welsg legra vreater than the possible number of abnormal | 


I 


dation oceurs Llowever ] addition « lilut which the infrared data suggest might be presen 


aqueous alkah to these solutiot au nal { ns that normal lengths in the head-to-tail 1 


mstantaneous decreas | structure have been broken 
For example, 10 * moles of sodium hydroxide added Further evidence of the nature of the deg 


to 5 g. of the polymer in dimethylformanude decre: has been provided by the high recoveries 


the intrinsic viscosity from . 5 and the ! degraded polymer from the reaction mixture. These 
sponding number-average olecular wei were all about with no trend toward smaller 
110,000 to 19,000, Experiments in which the bi percentage recoveries for higher alkali concentra 


added and then quickly neutralized indicated thi tions; this ts about the amount of polymer recovered 


reaction was complete in a very short time, probabl in the control samples to which no alkali had been 


not requiring more than 1 sec. Lattle 


in viscosity occurred when the materia 
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Pal mediate appearance of an orange color. Upon acidi 
fication, this color changes to a light vellow 
Of a number of mechanisms which have been pre 
; posed to account for these phenomena, none ts en 
tirely satisfactory Judging from the characteristics 
Y. of the reaction, a study of the end-groups resulting 
from cleavage should yield pertinent information as 
to the nature of the reaction. This might be done by 
al direct chemical methods or by infrared investigations 
A Orlon aervlic fiber has good stability under cond: lvze by combustion method This point ts being 
tions of high-temperature treatment It can be rther investigated 
roned repeatedly and effectively without discolora There 1s as vet no exact chemical evidence as to the 
tion. Under more drastic heating treatments, its nature of the reaction which takes place during these 
physical properties hold up remarkedly treatments These products must still be essentially 


inear polymeric im form in order to retam fiber prop 


ce brown, and black as heating is contutued 


lable 


properties of yarn which has been heated until it ts 


ited must be 
illustrate the surprisingly good physical — of extremely 


taken into account are the facts that the 


jet black. Similar varns had good properties even heated materials have increased in water-sensitivity 
a} after heating for 60 hours at 200°C Thev were and are basi \ condensed aromatic-ring system, 
et insoluble in several good polvacrylonitrile solvents, analogous to the heterocycle compounds formed dur 
vel: had somewhat greater water absorption, and had also — ing the destructive dist:ilation of coal, would account 


increased in breaking temperature (measured undet for these known properties as well as for the intense 


0.5 y-per-den. load) to 250°C, as compared to 172 ( color. Such a reaction might occur as follows 


for the control. Fibers thus treated contained basic 


CHa 
CH-CHy- ——» —CW 
tensile properties would obviously not CN CN bey CN can 

lave been retained if there had 


groups, as indicated by the absorption of miner 
acids 
| been any extensive 
polymer-chain degradation. Dry acrylonitrile poly 
mers evidently do not undergo random chain-scission 
reactions such as that observed for alkali-treated CH, CH CH, CH 
solutions © 

The black stable to turther CN GH CN cH 


heating, even in a Bunsen burner flame Very little N NH, N 


varn is remarkably 


combustion takes place, the sample s of varn or fabric | 
1 


merely g 


owing in the flame. Samples so treated 


TABLE IN 


PoLYACRYLONITRILE YARN 
\eTeR Heatine N N N 


eTc 


Drs Wet Dr Vet 

This reaction would involve dehydrogenation, as 

lreatmer den g. ‘det 
indicated by the analvse \s pomted out above 
16 he the can be nterpreted to me Oxi 
ut 1.94 na Peo wok dation, so that the condensed pyri of ring 
100°C, 16 he formation is probably not the only reaction which 
nitrower 78 12.9 13.7 occurred it ist the fl ny tep The the 
Control retical hvd en content of tl condensed ring 
ot heated 8.42 3.35 15.7 we 14 1, wen tins 


f 

| 

| 

| 


© 
KE oy 
lost only about 30 of their total mitial weight be 
Cn C-NH HC C-NHp 
a : 4 
an 
Ne 


dropped from 5.7% wm the control (theoretical for 
polyacrvyonitrile) to 2.3% 

\ttempts have been made to obtain some informa 
tion about the structure of the heated and flamed 
samples by means of infrared absorption measure 
1 


ments. However, the absorption batw 


} were so wide 


and deep as to defy inte rpretation 


Fiber Properties 


Reports on many of the properties of Orlon acryli 


fiber which were discussed 


thre complete versio 
of this paper presented at New London have already 


heen published {10 ind the properties wi 


therefore be treated only im summary 


Orlon aervlie fiber generally has a dumbbell- 
doy boone shaped cross sectiol The core is of some 
what lower density than that of the skim, resulting 
ina fiber density of 1.12-1.17 This low density 
idheates good covering power im fabries. Orlon has 
approxi nately the same tenacity, elongation, elastic 
recovery, and stretch-resistance as natural silk, and 
im hand and luster it is also remarkably siuk-like. It 
has very low water absorption and also low morsture 
regain 

In bigure “Ate how! number at stress stram 
curves for vanous varn The sinnlarity of Orlon 
aerviic fiber to silk im stress-strain behavior 1s at 
once apparent Ou the two samples of rlon which 


appear on this graph, the variety which wall be pro 


duced in the May Plant (at Camden, S. C.) ts the 
silk-like one. By variations of processing conditions 
‘ 
NTLOW 
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tfant rate 


ie 


be ue Sain ple 
nitrie to sulfur 
market eva 
sulfuric acid for 7 days at 73°( Vo measurat mange 
in fiber propert s resulted 


it is possible to produce a wide range of properties 
Che curve tor the sample marked °"Orlon’ Expert 
mental,” which is also under development, shows that 
it approximates wool rather closely m= stress-strain 
behavior It has also been found to exhibit wool-like 
behavior in fabrics. Both types of Orlon have good 
bulking power, and in thermal insulation tests have 
been shown to be as warm as. or actually warmer 
than, wool 

Probably the outstanding characteristic of Orlor 
Is Its resistance to weathe ring tactors, ¢ spectaily sin 


hight, corrosive atmospheres, and biological attack by 


insects or by muctoorgamisms. It has marked re 
sistance to degradation by heat and bv a wide variety 
at chenncals Its resistance to alkahes 1s con 
siderably less, but entirely adequate lor purposes of 
laundering 

Phe resistance of polyacrvlonitrile fibers to minera 
acids ts surprising, considering the fact that mono 
| | 


meric nitriles react rather readily to form amides 


ind ammonium salts. Resistance to sulfuric acid by 


woven fabrics which were submitted for trade-testing 


Lf tiny 


in 1942 is illustrated in) Figure Fiber properties 


of the treated sample were not significantly different 


from those of the untreated sample Results of many 


other tests of chemucal resistance are rted else 
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Because of the remarkable dimensional stability 


and freedom from shrinkage in laundering of Orlot 


acrylic fiber, and owing to the fact that it takes up 


very little moisture when wet, fabrics have shown 
remarkable durability in laundering Shirts made 
a from Orlon have been laundered 60-70 times over 
; a 2-vear period without perceptible change in dimen 
Ee sions Or signs of weal If articles of apparel are 
laundered without being sharply creased while hot, 
they usually require no ironing. Where required, 
the tabrics iron very easily either drv or slightly 


damp 


When 


using the “rayon” setting on home irons 


blended with wool, Orlon aerylic staple has 


remarkable alnlity to stabilize the blend 


An Orlon content of as little as 


against shrinkage 


15° ina blend with wool has stalnlized wool socks 


against shrinkage under standard laundering condi 
tions. Its abrasion-resistance, determined by a num 
ber of methods, 1s inferior to that of nylon by a con 


arg, but has been consistently better 


number of cellulosic fiber sample 


Dyeing 


The variety of Orlon aervhe fiber which is being 
at Wavne sboro. 
May 


general commercial dyeabtlity \n 


made in quantities at present 


and which will be produced in the Miant, cannot 


Orlon is being made 


other typ ot experimentally, 


which has vastly improved dyeing properties 


Under special conditions the Orlon produced at 


dved to good 


the present time can be shades with dis 


persed (acetate) dves and with certain vat dyes 
It also accepts pastel shades of azoic and basic dves 
\cid dves stain it very lightly or not at all. Basi 
dves can be apphed in shades of moderate depth, but 


show characteristic poor lhight-ftastness 
| 


vat dvemys are discussed below in greater detatl 
Witl 


at the boil or below 


the acetate ves, 


pastel shades are 


nder pres 


by using a pad-pressure-steam  techniujue—heavy 
shades can be obtaines \t 10-15 p.sa. for 15 mn 

two to three times as much dve is taket up as at the 
borl \ verv few ¢ unples of the many dves whicl 


\cetamune 


Pure Blue BRS 

\ method of obtaining good lvemngs at the bo 
was found in the use of “carriers These are phe 
nolie compounds, such as m-cresol, which have lin 
ted salut t n the dve bath, but penetrate the fiber 


799 


concen 
) for this purpose 


a solution 


process The amount absorbed 1s proport mal to the 

dve-bath concentratior That cresol preters the 

fiber to the bath is mndicated by the fact that the parti : 

tion coefheent is considerably greater than | te 

cause of the volatilitv o cresol trom borling lve 

baths, must be used with good ventilatior Phe 

quantity required makes it rather uneconomical It r 

can, however, be efficiently removed from the tibet 

by normal boil-ott procedures; tests on tabrics so tg 

treated have shown no dermatitis hazards j 
\cetate dyes on Orlon in general show light 


fastness slightly superior to that tor the same dyet 


Wet-fastness 1s 


on acetate varns excelent 


proved son 


Phe thomadigoid type of vat dves can he applied 


to Orlon under certaim conditions Anthraquinone 


ill 


types have not been successtully applied The 


former can be apphed at the boil, at relatively high 


(95-12). to vive excellent light fastness and 


good wash-fastness but poor crock-fastness, owing to 


poor penetration of the fibers At pH's of 7.5-10, 
cresol assists the dyeing markedly The use of ist 
potassium carbonate in relatively large amounts also 


greatly nnprove depth of shade, in contrast to other 


alkah metal carbonates (Oxidation ol the leuco re 
quires relatively drastic conditions—-for example, 
1-3 mitric acid and 30 min. at the boil 

Vat dyemgs have been markedly improved in 


depth of color and in fiber penetration (resulting in 


crock-fastness ) by the 


good 


use of pressures ot, say, 
These have 
Although 


15 Ibs. for 30 mu given exhausts of 


shades were dull, wash 


and light fastne were excellent he pad pressure 
team proce has also been used with results ip 


proaching those of dye baths under pressure Phe 
fibers are damaged by more drastic alkaline treatment 
basified Orlon dyes far better 
present product \ wide range of acid 
dves having excellent wash- and crock-fastness and 
appled at the 
baths 


strong acid aye 


(pH 2-3) are required. This presents a problem in 
dyeing of mixed viscose-Orlon fabrics In wool 


way 
: 
| 
readily. -Cresol must be used in 
§ tration (based on dye-bath volume (4 
Carriers’ evidently penetrate the fiber by 
q 
haust is rather poor (30 but can be im 
by addition of m-cresol to the bath 
if to act as a “carner.” a 
be said to have 
7 
‘ 
Ne 
be applied by using thi hod 
cal apphed by using this method are 
Yellow Ct, \cetat ine Orange (sR. and ¢ elanthrene 
Qrlon blends, the much higher rate of dvemng of the 
wool ts a problem im the application of acid colors 
Wes vid 


SOO li 
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Many acetate-type colors can also be applied at ences, special assistance by the author's colleagues 


1 


the he se show the usta! good wet-tastne Drs I: ACK and | (sreen on the topics or 


and moderate fastness x-ray, infrared, and heat treatments, and by Dr 
Dyemg the experimental basified Orlon with vat C. S. Marvel on various phases of the work is 

colors 1s more satisfactory than that of the present icknowledged 

product. A number of good deep shades can be ap 


plied at the boil, These have light-fastness as good Literature Cited 
is, or better than, that of the same dyes on cottor 1. Astle. M. T.. and McConnel, W. V.. Polarograr 
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dyemg of Orlon are the result of its “hydrophobu ind para-Nitrophenols, J. di. Chem. S 65 

nature, because of which the rates of diffusion inte 3: 1943 
1 £9: 8 1 
2. Coltof, W., Establishment and Application of Rul 
the fiber are very slow However, the results ol ‘ . so 
for the Interactior Between High-Molecu 

1 1, ‘ ] } 

tained to date madieate that practical to these Solutes and Organic Solvents, J. 


problems are possible Chemists’ Assoc. 23, 176-209 (1940) 
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Hydrogen Bond ig the 
Summary im. Chem. Soc. 60. 2666-73 (1938): 62. 227-8 
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A Mechanized Fiber Blender 


Lyle E. Hessler and Herbert E. Kieke 


Cotton Resea Texas Tech al College.* Lu Texa 

Tu DIFFICULTIES of proper unpling t rand izing The two ro which are 141 ny 
cotton are apparent to many fiber technologists. Vari ind 34 in. in diameter, are covered with regular card 
ations im fiber properties have been demonstrated — stripper wire so that the angles of the wire will be 
over the fiber seed loc} plant held, ind yrowiny down and tow ird each other as the vires mesh. 
eason These variation together with damage t When one roll revolves toward the other, such an ar 
fiber caused by weatherit vy, which can be eT irregu rangement allows the moving roll to hook the fiber 
lar, make the blendu wel sampling cott t d remove it from the stationary roll with the least 
physical testn very important \s increased nount of mterference In blending cottor mr the 
trument testing for fiber properties becomes more best operation the depth of mesh is roughly to the 
and more common in the textile mdustery, fiber sam ‘knee or about 2 ou 

pling. fluffing, and blending can no longer be ignored Phe mechanization of the rolls mav be readily ac 
where instrument accuracy is required Phe axion omplished in any machine shop with materials or 
‘accuracy of physical testing can be only as good a hand With the rolls operating at only 100 to 150 
ampling,” as still a very good ertterion to follow r.p.m., the hardwood support for the rolls can serve 
fiber analysi is) bearings \ ratio motor is a_ suitable 

Many lahorators wy ke otton by hand, whicl ource ot power The jun clutch shown in Section 

is extremely tiresome and time-consuming Moore \-A of Figure 1 is simple and trouble-free when op 
over, manipulation by hand imtroduces the humas erated at the speed suggested above By moving the 
element, which may vary with each sample and eacl clutch lever to the left, the clutch pin may be made to 
operator For mipling, a mechanical enter the hole on the 5l-tooth gear, turning it 
method is usually the best, providing it does not counterclockwise and thus powering the train of 
overwork the tiber Blender ind analyzer can ou years W uch turns the back roll When the clutcl 
yure the tiber, and before thev are ack pted they lever is shifted to the right, the clutcl pin engages 
should theretore be te ted to ascertain the amount o the hole in the clisc which is fastened to the shaft 
damage which they may do to the fiber Kecenth that drives the front roll clockwise Suel i 
Krethle |] demonstrated bh leyree Iyvmeriza 


Description of Blender 
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wat 
Wig” 
jear 
| 
Fic. 2. Diagran ir 
14 nest? f the fiber blendes 
He 
| 
} 
} be 
vives independent tion to the t T | ! t rr 1 he perator t tiie ever t th eit 3 
alt randomizing the fiber driving the back roll at full speed for several se ; 
aye nd This action parallelizes the fiber nd ren ‘ : 
foreign matter | brushu the tte ramst the 
ar wer-turning front re \ the lever to the 
a). For randomizing cotton, about 3 te 4g. of fiber is right sets in motion the front roll, and with a light tae 
Sa See evenly distributed in a thin laver over the back ro tension on the hand wheel of the back roll the cotton 3 
ae Phe blender is then ready for mixing the cotton fr is transferred from the wk to the front roll for fur “| inte 
if 
q 


re At 


|. anp STANDARD DevIaTION IN 
SAMPLING Cotton Finer wy Fivi 


Meriops 


Sample Method of \ 1.000 Stand 
No pl break } devia 

1 R) 7 1.56 

j S00 1.7 1&6 

50) 81.1 1.67 

81.7 1 


ther randomizing 


Phis operation ts repeated a num 


er of times, dependin condition of the cot 


ton to be blended and sampled \fter a thorough 


randomizing and cleaning, the cotton is ready for 


dofting. This is done by shifting the lever to a neu 


tral position, and, with the cotton on the back roll, 


i brush made of stripper wire ts used to slowly peel 


the cotton from the roll The turning of the roll 


backward, in removing the cotton, 1s facilitated by the 


small hand wheel on the blender, shown at the left in 


Figure | The dofting operation, if properly exe 


cuted, wall well-blended, fluffy mass 


whiel 


trom 


pive a 


amples may be taken as 


Results 


When cotton has been randomized, only after a 
large number of tests can the unttormuty of a given 
he ¢ tablished Lheretore, cotton of wu 


ch iracter thoroughly blet ded in order 


for a sample to ln repre sentative of the whole 
Available at Texas 


Pechnological ( olleve for the 


3 vears has been a highly uniform bale of check 


cotton on which thousands of different physical tests 


have been made; and because this lot 1s so verv unt 
form, blending and sampling studies made on it are 
considered to be of value Pressley streng ind 


tandard deviation were determined im 500 individual 
tests on five different samples 


hand blended ; bl 


lvzer; one blend of fibers from processing equipment 
for spinning (opening equipment, picker, card | 
ribbon lapper); one blend from opent equipme 
(through the picker); and one blend from the fiber 
blender under discussiot he result ire piven m 
Table | 
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Discussion 


Little fiber or waste 1s removed when the hand 
npling method is used. Strong fibers are more apt 
t be removed than weak one Therefore, the low 
trength lue and one of the highest standard de 
itions, listed for this method, in Table I are easily 


basis that the sample was run “as 


veaker fibers present 


\nalyzer removes all the trash and 


ome of the weak and short fibers \t high rates ot 


Shirley Analyzer also has a tendency to cut 


d clamiage some of the longer, weaker fibers The 
high standard deviation which occurs in this type of 


uny ling is difficult to e plain, ¢ xcept to say that per 


| \f t does hetter cleaning than sampling of cotton 

The samples trom the two spinning processes were 
ke in strength because of the mechanical working 


the tiber received Phe sample from the ribbon 


lapper was also carded, which accounts tor its greater 


strength over that from the picker lap, since the card 


short, weak fiber. These two samples 


had low standard deviations, possibly due to the re 


moval of approximately 5 to 100) of the poorer fibers 


and waste 


The sample from the fiber blender under considera 


tion vielded samples with the highest strength and 


the lowest standard deviation Furthermore, Fibro 
graph determimations showed conclusively that there 
as no change in fiber length after a long period of 
randomization, The high strength and no change in 
length, which indicate that the cotton has not been 
nyured, and the low standard deviation in strength 


evidence of the advantages of the fiber 


method over the other four methods for 


blending, randomizing, and sampling cotton fiber 
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Trace Metals in Cotton Fiber 


D. C. Heinzelman and R. T. O'Connor 


[xvi STIGATI INS of the trace-ime 


i cotten and 


here were 


the past only with plant nutrition 


14. The spectroghemical investigations describes 
undertaken determine 
amounts of trace s naturally 
fibers, so as to provide 
problems concerned 
cotton products 

Pwo groups 


wer samiples were obtained 


the 1948 experimental production 


operation of the Bu Plant Industry, 


d ot tibers of 
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resenting 


cotton wit 


paragraphs 
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sippi, and the 
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re that the sai 
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nation with field-blown 
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ment or apparat spectrograms 
ined quantitatively 
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observed special fez 
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ee COC products have been concerned in the presence i major constituents and which was i 
| 2) or with the free from traces of the metals to be determined. It 
presence in cottor fiber of those trace metals whicl consisted of 65.18 potassium ¢ irbonate, O46 
are known to accelerate the deterioration of rubber dium chloride 11.02° calcium carbonate 18.70 
magnesium carbonate, and 4.14 germanium d 
res oxide. Germanium, which ts not present in the ash deny: 
of cotton fiber, was included to function as an internal 
Picks 1 standard. Graded amounts of solutions ot the ele 
IA\BLE I \sH CONTENT AND SPECTROCHEMICAL ANAL YS! 
or SPECIFIED ¢ TrON Finer ror Correr 
through the co MANGANESE (MotsruRE-FRee Ba 
Variety and locati Ash Copper Iron Manganes 
ee One consist er million 
able 1) grown at 6Missis am 
other of fiber of the Coker \cala 4 42 14 1.99 11.55 7.22 
cala 1517 14 1.60 12.19 
Rowden 41B 1.28 1.74 10.84 
mug the environments of the Mebane (Watson 1.346 101 5.91 4.18 
areas. ‘| ples as analyzed repre Stoneville 2B 1.19 1.53 6.28 
Deltapine 15 140 7 oOo on 
Coker 100 W 1.14 1.59 1.14 4.46 
1 
Wild 126 Loo 7.97 | 
iG Coker 100 Wil 
Statesville, 1.53 1.55 6.88 
Florence, S. ¢ 1.26 7.29 0.08 
Tif Cra 1.26 1.67 791 9 
1 ickel tin and 711K 
Jackson, Tents 1.3? 1.45 7.2 
Stoneville, M 1.13 1.59 11.14 7.46 
St. Joseph, 133 0.08 79 
ay al Chickasha. Okla 1.33 113 4 7.87 
arried out as ce Greenville, Tes 1.22 1.98 7.03 
College St 01 13.77 817 { 
itures of the tech State ¢ eve, N. M 1.56 105 5 
; tiie following Sac \riz 149 ».72 12.89 12.49 
Shatter, 1.3 94 Son 
In order to avoid Average 1.37 1 7.00 
vatrix was used whicl 
Hig he 1.56 13.77 12.39 
One the Maries of the Lori 
i ! Lowest 109 GOR $74 79 
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ments bemg deternuned were added to portions of 
the matri n Vycor dishes to provide standards 
The tandard sere criec overt phosphorus 
pentoxide and subsequently heated on a hot plate at 
approst ately 300 ¢ to remove the last traces of 
hve wa thier transterred iw i 
mortar, using a silver spatula, and thoroughly groun 
ed chur ny vhicl tiie eatit Aas necessar 
because of the | yyroscopic nature of the n ture 
Five-gram samples of the cotton fiber were ashed 


and then ashed on 


at 450 C ina muffle turnace the temperature of whicl 
had been used im increments of about 25 The 
an ple were removed trom the thurnace incl cooled, 
o that traces of the sh could be brushed from the 
funnel, and crushed They were then returned to the 
furnace and the ashing was continued for 3 hrs. at 


\fter 


coolmy Gesiccator, the cishe were welgl eq tor 
the determination of the ash contents of the original 
saniple these contents ranged from 109°) to 1.56 
on a mormsture-tree basis (Table 1) Volumes of an 
oh lent aol veri hie cle (2.1594 
per liter which were proportional to the average asl 
coritents, respectively tthe particular sample vere 
added to the ashe er | t introduce into each the 
$145) of the o e which was characteristic of the 
tor serve the mternal standar ihe ashe 
vere then dred ground and muxed as deseribed or 
thie tandards 

Lhe spectra ot the tandards and saniple S were 
photographed on | astinan S \. No. plates using 


a Lattrow type pectrograph set to cover the 


from 2,500 to 3.450 \ and with a rotating sector set 
to pernnt only IS.8o. of the light to enter the slit 
ot the mstrument Portions of the ash weighing § 


my. each were weighed into the craters of hig 
seat ] rl 1} n 
purihed carbon electrode nd the arcing Was accom 
plished under the mfluence of a 225-volt, 20-ampere 
direct current for 90 sec. in order to assure complete 


cotsumption of the sample 


The widths of the selected lines of eact spectro 
vrai were measured tron prot les obtained by use 
of an automatic recording mucrophotometer The 
pectral lines which were selected tor analysis were 
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those at 3,269.49 A. for germanium, 3,273.96 A. for 
copper, 3,020.64 A. for iron, and 2,576.10 A. and 
2,949.20 A. for manganese 

Al qualitative tests, except those for boron and 


were made on the | lates prepare d tor the quanti 


The spectra of boron and zinc. the 


} } 


Wies of 


sensitive which appear at wave lengths less 
than 2.500 \ vere photographed on Eastman No 
1O3.A-O plates at the instrument setting of 2.100 A 
to 2.500 A. without the use of a rotatn y sector 
Results 

The results of the speectrochenucal analysis of the 
twent samples of selected cotton hber for copper 
iron, and manganese are given in Table | The over 


all precision ts deviation 


except im rare cases, it is well within 


covery tests on known ints of the elements added 


anion 


ready analyzed and complete analyses ot 


known standards (Table I1) showed that the over-al 


accuracy of the method is also within the same range 
PABLE Recovery Tests anp ANALYSIS 
of KNOWN SaMPLes 
\mount 
originally amoun \mount Deviation 
Sample present present® recovered 
Par per million 
Cotton and 
idded metal 
Cu 0.96 06 +.0 
( 1.44 344 52 6.7 
Cu 0.99 2.99 > 75 
ke 5.60 960 9.30 31 
ke 7A7 1.47 12.52 + 9.2 
6.87 10.87 13.73 +263 
Moa 10,82 13.03 +204 
Mn 402 7.02 7.91 12.7 
Nin R55 12.55 12.61 + 
Synthetic ash 
Cy + 6.8 
Cu R51 14.9 
( 14 7.0 
he 100 468 +17.0 
be 1.000 977 2.3 
ke 1.000 1.800 16.4 
Min 210 14 + 19 
Moi S41 + 36 
Ma 2.000 1,740 13.0 
* In the recovery tests 2 parts per million of ¢ 4 oof Fe 
ind 4 of Min were added to eact imple 


ugh 
| 
triph te m tared V4 vered with i: 
i dishes covered it n 
ona hot plate for to 2 hrs, -ernight 
i 
ay 
from the mean and 
| 
4 to samples ag 
190°C in an attempt to remove residual carbor | 
| 
| 
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The analvtical results show marked 


between the trace-metal contents of the 


environment, the latter including the trace 
ments in the fertilizers used. The lowest 
copper, iron, and manganese are all tor 


of Coker 100 Wilt from St. Joseph, 


a whereas the highest values are for the sai 


ton, Arizona. The ranges in the trace-metal co 

of the lint of a single variety grown on different 

t the selected locatior ire considerably greater than 
those of the lints of & Varieties grown on a singh 
soil at one location The precision and accura 


tests described above indicate that the ditterences 


attributed to variety and environmen 


nickel, or tin in any of the 


nt in cotton 


of accidental 


lununum, boron, and zinc appeared 
to be present in small quantities in all cases 


Summary 


The lint of & varieties of cotton grown in one loca 
tion and of one variety grown in 13 locations was 
analyzed for trace metals by the line-width method 
of spectrochemical analysis to provide compositional 
data on the presence of metals which are known to 
catalyze the degradation of cotton cellulose. Modifi 
cations were made in the line-width method of spec 
trochemical analysis as previously apphed to vege 


table oils to make it more applicable to cotton fiber 
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differences The highest, the lowest, and the average values, cal 
- 
1 sanpies of culated on a moisture-free basis, for copper, tron, and 
: cotton fiber: these are attributed to variety and soil manganese were 4.01, 0.08, and 1.57; 13.77, 3.74, and ae 
Reile metal ele 9.03; and 12.39, 2.79, and 6.92 parts per millot ete 

Vaiues tor respectively \lth ug some of the variation is at 
Be the sample tributed to varietal characteristics, the greater part “Fe! 

ples ot the The spectrogra showed the presence ol alum 

vii same variety from College Station, Texas, and Saca num, boron, and zine m trace amounts in all case ac.) 
bik 
eth but thev did not reveal the presence of chromiun eet 

Hh ! 
nickel, or tu 

tarker, in providing the seed-cotton samples is grate 
oh The spectrograms revealed no traces of chromium fully acknowledged i 
in spite of the 4 

! 

fact that these metals are frequently reported to be 
and cotton textiles. This leads 
1 
4 se to the assumption that if present, they are the result “3 
EEE tanination during processing or 
eee and Their Relation to Plant and Animal Nutri : \ 
cational Bureau, 1948 
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Book Reviews 


Mothproofing. IX \ Moncrieff London, \ll the statements on fastness properties are rather 


Leonard Hill Ltd., and New York, Mapleton House, vague, and instead of expressing an open opinion 


1950 200) pape Price, $3.75 based on his own tests the author quotes trom pat 
; ents or the lterature of the manutacturers; hence 
‘ : the reader will be greatly at a loss if he depends on 
the maternal im this section to fannliarize himselt 
Tha repre ert the fhrst 
heen made to treat the entire subyec 


pore ny he cl ipter on the 

lothes mott nd carpet beetle re competent. but 
vould have heer re mplete if reference had hee 
made to papers published by I. Titschack on clothes 
ind b Ix Slabaug! on Itta nite Piceu 

In the chapter « the damage to wool caused by 
pest mention im made that chlorination does not 
tmiake wool immune to attack by It 1 ht 
have heoretical nterest that 
overchlormats ‘ nd al | YENI re to 
Saat part a certain moth-repelle according to 


finally re echin the production of colorl product 
like boul CN 1 Mitin FR en and many 
Anoride 

The | re treate ‘ ‘ For 
\mert reader it} ttle « to find ot 


Che Amer en toduere 
It r they ‘ in ON nel the Amer 
there et ext the 
‘ rrect t ‘ ot tl product: | ever, 
| CN Ext rr rie ed to be 
\s for | CN. this reviewe: tke ta 
point out that t pew din the U.S. before 
{ bile the | rove et 
\merica rea +} in CN 
will quest the statement that i to be pplied 
} | n CN: fy neutral bat} 
r veut 


3 
4 
an 
ete Phe book's 17 chapters cover all aspects of moth us to whether an acid dvestuff can be called fast to Mp 
washing Products like the milling types in get 
g eral are usually fast enough to washing, and since the a 
lastness to washing of products like ¢ N and 
Mitin FF is comparable to that) of mulling-type 
i products, ac vestuffs and mothproofing agents can 
e4 illed fast to il they thie ICE 
x lite of the garment a 
Mitin FF as discussed thoroughly as to develoy ang 
| 
ment, constitution, and application Phe different 
| ranas \l re likewise comprehensively dts 
cussed 
erican Dyestuff Reporter, Jan, 20, 1948, p. 38) Phe various methods of applying DDT are de 4s 
The history of mothproofting with dvestuffs which scribed nad discussed. together with the disad 
| tage the pr t. It shor have been mentioned 
that DDT migrates onto untreated material wit! 
which it comes in contact. and i 
nave Im contact with the orwu treatec rie 
the Europe ke “feu CNA’ or “Eulan CN show yvood resistance at tim Phe same holds true 
Phe chapter on | (Eulan nd 
| pounds give e principle 
of appheation Phe mam field ot application should 
have been mentioned namel the treatment eke 
. 
tures of white and dved wor t in the washer 
amg. The chapter on the nutritional requirements and ear 
the digestion of the clothe toth lar } 
While the book has good illustrations, the col 
lection would have been more omplete am pictures 
pertamimg to digestion ot wool by the larvae, pub 
shed by Textile Research Institute, Inc., New 
in“ Mothproofing of Woolen Materials in Europe 
had heet reproduced or at least mentioned 
Phe author devotes more space to the modificatior 
woot tha ti inv other subject The Gilvoxal 
| 
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Process 1s written of in an istic wav that is pour ds; the light sensitivity of the leuco esters of 
his “catching” to the reader vat dves_ befor cle velopment ; and many other et 
ond Mothproofing during dry-cleaning autions fects which are most instructive to the student 
against damage, and breeding of moths are handled \s a laboratory guide in the application ot dye 
adequate \ stuffs to textiles, this part ot the book can be highly 
The account of testing of mothproofed samples recommended. One criticism is the meager treat 
is written very well. However, the author seems too ment given the dveing of silk and nvlon, and the al 
be a bit too uncritical when it comes to the standardi sence of any discussion of the experimental dyeing of 
zation of test methods Unfortunately, testing « the newer synthetic fibers 
mothproofed materials is not as simple as the author Phe second part of the e deals with 
would like to beheve isthiess) tests \ ertical discussion precedes the 
Che refinement becomes a necessity when a near presentation ot the testing methods and procedures 
quantitative evaluation of a mothproofing agent has  'OF evaluating test results as est iblished by fastness 
to be made There are borderline cases which have COMMITEE Im Vario countrie Justifiably, the i: 
} +} } 1 
pomts out t unitornmutv mom “ 
to be taken into consideration,-and then the decision CK OF 
should be based only on a good stand z : 
| 
nings towards imternational conformity have heen 
wl ] is been reneratl accepted 4 
made, progre } this re pect can he ¢ pected to he 
reason whv in the U.S. much time 1 
slow: witness the fact that in the third edition of th 
proving the present tentative methods 4 
( r lnd ow In preparation, ratings will be given 
n spite of the loregoimg criticisms, this book a 
obtained } American. Britisl nd Continental 
successtul attempt to compile tor the first time man 8 
european test methods. 1s, unfortunately tact 
data ¢ rool ! wl Vav as to e 
is ton that even re Its arrived at by usu the methods of 
morn dine tor vor int sted 
proofing the pattern cards and literature the dvestuff manu . 


Handbuch der Farberei und anderer Prozesse tness committees are presented side by side lhe 
der Textilveredlung. Vols. III and I\ Albert) Swiss anc Russian methods were not included, be 


Schaetfer (aermian, } stuttgart, Konradin 
Verlag Robert Kohthammer, 1950. Vol. TIT, 361 


The -third volume, the experimental part of the 


“Handbuch der Farberei.” contains two sections 


effect of the various factors which enter into the dve 


processes is clearly demonstrated. For instance 


if 
| 
ih 
icturers inthe U.S. All ot the official and tentative 
the American, British, and German 
cause they we mnl 
the time the 1 
CONCETNEE! vit the laste property ot 
l.. Fusser. General Dvestuf? Cort vill tind Dr. Schaeffer's treatment of 
Ve 
} 
The fourth nd final volun \ 
Volumes and I] were anaivil 
195 \ Teviewed the sary. cal sectiot1 It covers the identit 
50. issue of Text > iticat i and quanti 
131 Al page alive separa on of the thber the identification of 
avestull n substance and the ther the determina ‘ 
tig tion of inorganic and organic compounds on the fiber 
In the first. tl meentration and pH control im \ 
per ental appin itn Of all Classes textile proce ne na 
A endeavor wi made to pr 
ot dvestutfts to textile fiber cw prs 
eta »\ t only those analyvical method vhich had 
aa means of manv precisely outlined hods which had proved oe 
| outhned experiments, the to be practical and whicl 
hich can be read carned out m 
“ap he id 
ale For the :dentit ation of undved thber 
tests are presented whicl } various aye 
of i it ire are gr ted watt ce ored c} irt to 
In the application of meta ized acid ‘Ihactrate the result Wer 
ie I its obtainable The stan the usual 
provement in wet-fastness of some direct hemical tor 1 of 1 
rtreated with complex copper con E the Gi 
a\ 
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sections are one who studied these four volumes and had the 


of fibers opportunity to perform the experiments outlined 
therein would certainly acquire the equivalent of a 


tuffs, the «le college or textile-school course in textile chemistry 


lt subject Clark’s Weave Room Calculations. W. A 
n which are very helptul Graham Clark Third Edition Charlotte, North 
Carolina, Clark Publishing Co., 1949. 244 pages 


Tyarnic con Price, S500 


(Reviewed by Gerald B. Fletcher, Georgia Institut 


of technology Itianta, Ga 


are bew ana his third edition ot lark’s Weave Room ¢ alcu 
the presence lations’; is, in the reviewer's opinion, particularly 


valuable for the manufacturer. By the term “manu 


| the electro facturer”’ is meant the “man in the mill.” It is an 
letermination excellent handbook with a thorough coverage of cal 


oyraphies, are illustrated by one or more examples 


i good grace The section entitled “Typical American Cotton 


Cloths” provides a valuable store of imtormation 01 


this “Hand yarn numbers and constructions of standard cotton 
nd thorough fabrics It should prove a valuable reference book 


he 
810 
however, photographs of fiber cro: 
not presented. The quantitative separation 
; 
de is dealt with fully fl a 
Bailey termination of the class of dyestuffs which may be and dyeing ic 
2 a present on a textile has been stressed, since this ts Bh as 
Bet: usually what the dyer or mull chemist needs to know Ate 
* For those who wish to pu ‘| 
4 
further, directions are give 
; in the identification of indi ee 
pounds on the fiber uw based on microa 
FPS ! | 
od Reagents are employed which are sumerentl 
hea sensitive for the small quantities of chemicals in ee 
Me volved when small samples of textiles q 
lyzed, vet not so sensitive as to indicat 
=) 
M 
Che significance of the pli value ane 
a metre and ethods for its « 
7 :: ire thoroug! discussed, together with application culations. The formulas are simplified and full ¢ ite 
me of its measurement mn the wet-proce ng of textiles planation is made as to their derivation: each ts A 
\iter perusing the four volumes of 
hook” one is impressed with the scope a 
\@ ie vith which the task has been carried out \ny for sales offices as well as for mill men Sa 
ad 
| 
* 
| 
‘a 
| | 
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